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Abstract

i •

ABSTRACT i

This report presents an evaluation of the Saturn S-IVB-502

stage acceptance firing that was conducted at the Sacramento

Test Center on 28 July 1966. Included, are stage and ground

support equipment deviations associated with the acceptance

firing configuration.

The acceptance firing test program was conducted under

National Aeronautics and Space Administration Contract

NAS7-101, and established the acceptance criteria for buyoff

of the stage.
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Preface

PREFACE

The purpose of this report is to document the evaluation

of the Saturn S-IVB-502 stage acceptance firing as performed

by Douglas personnel at the Sacramento Test Center.

This report, prepared under National Aeronautics and Space

Administration Contract NAS7-101, is issued in accordance

with the contractual requirements of Douglas Report

No. SM-41410: Data Submittal Document, Saturn S-IVB System,

dated i December 1965.

This report evaluates stage test objectives, instrumentation,

andconfiguration deviations of the stage, test facility, and

ground support equipment.
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Section i

Introduction

INTRODUCTION

i.i General

This report was prepared at the Douglas Huntington Beach Space Systems Center

by the Saturn S-IVB Test Planning and Evaluation (TP&E) Committee for the

National Aeronautics and Space Administration under Contract NAS7-101.

Activities connected with the Saturn S-IVB-502 stage included prefiring

checkout and the acceptance firing. Checkout started at the subsystem level

and progressed to completion with the integrated systems test and the simu-

lated static firing. The information contained in the following sections

documents and evaluates all events and test results of the acceptance firing

which was completed on. 28 July 1966. The tests were performed at the

Sacramento Test Center (STC) Complex Beta Test Stand I.

The confidence firing tests of the two auxiliary propulsion system (APS)

modules were performed at the Gamma Complex Facility. The tests encompassed

propellant loading, pressurization, firing, and system securing operations.

1.2 Background

The S-IVB-502 stage was assembled at the Huntington Beach Space Systems

Center. A checkout was performed in the vertical checkout laboratory

(VCL) prior to shipping the stage to STC. The stage was installed on the

test stand on 6 June 1966 and was ready for acceptance firing on 26 July 1966.

The APS modules were shipped to the manufacturing and assembly (M&A) building

at STC for leak and functional checks. The APS modules were then sent to the

Gamma Complex for confidence firing tests. After firing, the modules were

returned to the M&A building for cleaning and purging prior to shipment to

Kennedy Space Center (KSC) with the S-IVB-502 stage.

Table I-i lists the milestones of the Saturn S-IVB-502 stage events and dates

of completion.

1.3 Objectives

All test objectives 0utlined in Douglas Report No. SM-4737SB, Saturn

S-IVB-502 Stage Acceptance Firing Test Plan, dated April 1966 and revised

July 1966 were successfully completed.

28 September 1966
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Section 1

Introduction

Stage acceptance objectives which provided maximum systemperformance

evaluation were as follows: •

a. Countdown control and operation capability verification

b. J-2 engine system performance verification

c. Oxidizer system performance verification

d. Fuel system performance verification

e. Pneumatic control system performance verification

f. Propellant utilization system performance verification

g. Stage data acquiNition system performance verification

h. Stage electrical control and power system performance Verification

i. Hydraulic system and J-2 engine gimbai control performance

verification

J. Structural integrity verification

k. APS stage interface compatibility verification.

[

APS confidence objectives which defined modules acceptance criteria

were as follows:

a. Propellant loading and system pressurization

b. Module ! and 2 system performance verification during confidence

firings.

Research and development objectives which are not acceptance criteria

but were included to obtain data information were as follows:

a. Determination of stage thermodynamics during the acceptance firing

program

b. Determination of acceptance firing vibration and acoustic

environment.

28 September 1966
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TABLE i-i

MILESTONES, SATURN S-IVB-

EVENT

Tank Assembly

Proof Test

Insulation and Bonding

Stage Checkout and Join J-2

Engine

Systems Checkout

Ship to STC

Stage Installed on Test Stand

Confidence Firing, APS Module i

Confidence Firing, APS Module 2

Ready for Acceptance Firing

Acceptance Firing

Stage Received at VCL

All Systems Test

Ready to Ship to KSC

Section i

Introduction

i02 STAGE

COMPLETION DATE

6 August 1965

I October 1965

30 December 1965

18 February 1966

i0 May 1966

31 May 1966

6 June 1966

19 July 1966

27 July 1966

26 July 1966

28 July 1966

16 August 1966

13 September 1966

23 September 1966

28 September 1966

Table i-i 3
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Section 2

Summary

SUMMARY

The S-IVB-502 stage was successfully acceptance fired on 28 July 1966

during countdown 614067 at Sacramento Test Center, Complex Beta Test Stand I.

The mainstage firing duration was 149.758 sec for ist burn and 290.533 sec

for 2nd burn, satisfying all objectives of the test plan.

2.1 Countdown Operations

Countdown 614067 was a satisfactory acceptance firing with no major prob-

lems.

2.2 J-2 Engine System

Chilldown and conditioning systems performed satisfactorily, although ex-

cessive heating of the engine start sphere during simulated orbital coast

required that it be vented, rechilled, and pressurized before 2nd burn.

Engine performance was as expected, satisfying all requirements.

2.3 Oxidizer System

The LOX tank pressurization system met all design criteria throughout the

acceptance firing. The stage LOX pressurization system maintained the

ullage pressure between 38.0 and 39.7 psia throughout ist and 2nd burn

except during the engine start transient. The engine pump inlet conditions

were well within the required limits.

2.4 Fuel System

The fuel system satisfactorily supplied LIt2 to the englnes during the •

firing. The NPSH was above the required levels until 2nd burn engine cut-

off. Tank pressurization was adequate; pump chilldown and engine supply

were satisfactory.

2.5 Pneumatic Control and Purge System

The pneumatic control and purge system performed satisfactorily throughout

the acceptance firing. The helium supply to the system was adequate for

both pneumatic valve control and purging, and the regulator pressure was

28 September 1966



Section 2
Summary

maintained within acceptable limits. All components functioned normally.

2.6 Auxiliary Propulsion System /

The two APS modules were each successfully test fired, and both modules

performed within design specifications.

2.7 Propellant Utilization (PU) System

The PU system operated satisfactorily throughout the acceptance firing

and sufficient data for system analysis and flight calibration was

obtained.

2.8 Data Acquisition System

The performance of the data acquisition system in the gathering,

conditioning, and transmission of data was adequately demonstrated.

During the countdown there were 475 measurements which were expected to

provide valid data. Data evaluation disclosed that 24 of these measure-

ments failed resulting in a measurement efficiency of 95.0 percent.

2.9 Electrical System

The electrical control and power system performed satisfactorily

throughout the acceptance firing. All objectives were satisfied and

all system variables operated within design limits.

2.10 Hydraulic System

The hydraulic system operated properly and supplied pressurized fluid to

the servo-actuators. During the simulated orbital coast, the hydraulic

system was operated without benefit of auxiliary pump mode pressurization

for 77 min and 19 sec. Test plan objectives were satisfied and all

system variables operated within design limits.
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!

2.11 Flight Control System

The dynamics response of the thrust vector control system was measured

while the J-2 engine was gimbaled during the acceptance firing. Adcemtable

actuator frequency response, engine slew rates, and minimal crosslcoupling

were exhibited during the acceptance ffring. All specified test objectives

were achieved and no system variable exceeded its design limits.

2.12 Structural System

Structural integrity of the stage was maintained for the vibration, tempera-

ture, and thrust load cohditions of the acceptance firing. Minor irregu-

larities and debondings occurred but were readily corrected. All test

objectives were verified.

2.13 Thermoconditioning and Purge System

The aft skirt environmental control system supplied thermally conditioned

GN2 to the aft skirt area throughout the acceptance firing. The GN2 purge

was initiated prior to LOX loading and was terminated after completion of

propellant tank purges. The temperature remained within the design range of

87 _5 deg F. The fo_ard skirt GN2 purge was initiated prior to LOX loading

and continued throughout the firing until completion of tank purges at a

flowrate of 500 to 600 cfm with a temperature range of 50 !2 deg F. The

thermoconditioning system servicer circulated thermally-conditioned fluid

through the 16 cold plates throughout the acceptance firing.

2.14 Acoustic and Vibration Environment _

There were a total of 52 vibration, 14 acoustical, and 2 static pressure

measurements planned for the acceptance firing. Four vibration and three

acoustical measurements were deleted prior to the firing due to problems

in the measurement system. Of the remaining 61 active measurements, two

vibration measurements and one acoustical measurement provided no usable

data due to instrumentation malfunctions. Some of the stage component

vibration exceeded the test specification_ however, there were no

problems indicated during the firing.
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2.15 Stage Thermodynamics

An analysis was performed to determine the effective thermal conductivity

of. the stage internal insulation during the propellant loading. The re-

suits indicate that the insulation performance will be satisfactory from a

thermal standpoint during flight.

2.16 Reliability and Human Engineering

All malfunctions of flight critical items were investigated and documented.

A human engineering evaluation has been conducted in support of the ac-

ceptance firing. Recommendations for changes to the operation have been

adopted.

8
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Section 3

Test Configuration

TEST CONFIGURATION

This section describes the stage and ground support equipment (GSE) devi-

ations and modifications from the flight configuration affecting the ac-

ceptance firing. Additional details of specific system modifications are

discussed in appropriate sections of this report. Details of the S-IVB-502

stage configurations are presented in DAC Report No. IB63789, S-IVB-502

Stage End-Item Test Plan;

Figure 3-1 is a schematic of the S-IVB-502 stage propulsion system and

shows the telemetry instrumentation transducer locations from which the

test data were obtained. The functional components are listed in table 3-1.

Hardwire measurements are noted on the appropriate subsystem schematics

included in this report. The propulsion system orifice characteristics and

pressure switch settings are presented in tables 3-2 and 3-3. J-2 engine

S/N 2042 was installed.

The propulsion GSE (figure 3-2) consisted of pneumatic consoles "A" and

"B," two propellant fill and replenishing control sleds, a vacuum system

console, and a gas heat exchanger.

3.1 Configuration Deviations

Configuration deviations required for the acceptance firing are discussed

in DAC Report No. SM 47378B, Saturn S-IVB-502 Stage Acceptance Firing Test

Plan. Significant configuration changes to the stage and GSE are dis-

cussed in the following paragraphs.

3.i.i Engine Restrainers

J-2 engine unlatch restrainer link kit. Model DSV-4B-618, was installed to

restrain the engine during start transient side loads.

3.1.2 Quick Disconnects

The stage-mounted portions of the pneumatic and propellant umbilical quick

disconnectswere replaced by hardlines.

28 September 1966
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3.1.3 Engine Diffuser

A water-cooled converging diffuser, Model DSV-4B-639 engine bell extension

service unit, was installed to the engine thrust chamber exit to reduce the

nozzle area ratio and the probability of jet-separation-induced side loads.

3.1.4 Auxiliary Pressurization

An auxiliary propellant tank pressurization system was installed and was

supplied from a GSE ambient helium source.

3.1.5 Propellant Fast Fill Sensors

Propellant loading fast fill sensors were installed on the instrumentation

probes but were used in the indicating mode only.

3.1.6 LH2 Continuous Vent System

The nozzles were removed from the LH2 tank continuous vent system, and all

stage propellant vent and bleed systems were connected to the facility

vent system.

An interim use LH2 continuous vent module P/N IB51753-501 was used. This

module lacks the bypass function.

An interim use duct assembly was installed in place of the quality meter

which was deleted from the stage hardware requirements.

3.1.7 Chilldown System

The chilldown shutoff valves P/N IA49965-511 and -513 were used instead of

the redesigned valves -515 and -517.

3.1.8 Forward Skirt Cooling

The forward skirt thermoconditioning system coolant was supplied by a

Model DSV-4B-359 servicer, rather than the flight source in the instrument

unit.

3.1.9 Aft Interstage

The stage was mounted on a Model DSV-4B-540 dummy aft interstage instead of

the flight interstage.

I0
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3.1.10 Fire Detection System

A resistance wire fire detection system was installed in critical areas
/

of the stage, GSE, and facilities.

3.1.11 GH2 Detectors

GH2 leak detectors were installed in critical areas of the stage, GSE,

and facilities.

3.1.12 Blast Detectors

Blast detectors were installed in the test area to monitor an over-

pressure range of 0 to 25 psi overpressure.

3.1.13 Auxiliary Propulsion System (APS)

The flight APS modules were not installed. Instead, the Model 188C APS

Simulator was connected to positions i and 2 to receive commands and

close the control circuitry.

3.1.14 Telemetry System

Those telemetry channels that were left blank when various parameters

were disconnected to be recorded by other means were either left open

or were simulated.

3.1.15 Hardwire Transducers

The Marshall Space Flight Center firing measurement (Scope Change I195A)

program hardwire transducers were installed for the acceptance firing.

These measurements will be removed before the stage leaves STC.

3,1.16 Forward Stage/Instrumentation Unit (IU) Interface

The IU was not available at the Sacramento Test Center; therefore, the

IU and S-IB electrical interfaces were simulated by GSE.

3,1•.17 Electrical Umbilicals

The electrical umbilicals remained connected thr0ughout the acceptance

firing.

28 September 1966
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3.1.18 Data Acquisition System

The stage data acquisition system was defined in drawing IB43567, Instru-

mentation Program and Components List, Saturn S-IVB-502, except as called

out in section 12.

3.1.19 Confidence Firing APS

Engine aspirators were installed for extinguishing engine after-burning

which may occur during firing at sea level.

12
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TABLE 3-1 (Sheet 1 of 4)

S-IVB-502 STAGE HARDWARE LIST

Section 3

Test Configuration

*ITEM
PART NO.

NO.

1 7851861-1

2 IB53817-501

3 IB40824-505

4 IA57350-505

5 IA49990-I

6 IB43657-507

7 7851823-503

8 IB51361-I

9 IA48857-I

I0 IA48848-505

11 IB53817-501

12 IB40622-507

13 IB51361-I

14 IB51361-I

15 IB65292-501

16 IB40622-509

17 IB51753-501

18 IB52861-I

19 IB44557-I

20 IB44557-I

21 IB40622-501

22 IB65292-501

23 IB40622-505

24 IA49978-503

25 IA48240-503

26 IB41065-I

27 IA49970-503

28 IB51361-I

29 IB40622-505

NAME

Disconnect, LH2 Tank Pressurization

Valve, Hand, 3-Way, LOX Vent and Relief Valve Purge

Valve, Check, LH2 Prepressurization Line

Module, Control Helium Fill

Sphere, Control Helium Storage, 4.5 scf

Module, Pneumatic Power Control

Disconnect, Ambient•Helium Fill

Valve, Check, Ambient Helium Fill

Plenum, Control Helium, i00 sci

Disconnect, LH2 Tank Vent

Valve, Hand, 3-Way, Nonpropulsive Vent, Continuous Vent,

LH2 Chilldown Valve and Fill and Drain Valves Purge

Orifice, LH2 Chilldown Valve Purge Line

Valve, Check, LH2 Fill and Drain-Valve, Nonpropulsive

Vent and Continuous Vent Purge

Valve, Check, Nonpropulsive Vent and Continuous Vent

Purge Line

Module, Actuation Control, LH2 Continuous Vent Valve

Orifice, LH2 Continuous Vent Valve Purge

Module, LH2 Continuous Vent

Meter, Quality

Nozzle, Continuous Vent

Nozzle, Continuous Vent

Orifice, Continuous Vent Purge Line

Module, Actuation Control, LH2 Fill and Drain Valve

Orifice, LH2 Fill and Drain Valve Purge

Disconnect, LH2 Fill and Drain

Valve, LH2 Fill and Drain

Disconnect, Common Bulkhead VacuumSystem

Disconnect, LOX Fill and Drain

Valve, Check, LOX Fill and Drain Valve Purge Line

Orifice, LOX Fill and Drain Valve Purge Line

* Indicates location in figures 3-2 and 3--3

28 September 1966
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Section 3
Test Configuration

*ITEM
PARTNO.NO.

30 IB48240-503

31 IB65292-501

32 IB57781-501

33 IB40824-503

34 IB42290-503

35 7851844-501

36 IB40824-503

37 IA49991-I

38 7851830-517

39 IB63047-525

40 IB63046-525

41 IA49958-519

42 IB51361-I

43 IB64443-505

**44 IB64443-523

**45 IB64443-523

**46 IB64443-523

47 IB63437-I

48 IB40622-501

49 IA89881-501

50 IA89881-501

51 IA49988-I

52 7851860-539

53 7851860-537

54 Deleted.

55 10414087

56 IA49591-521

TABLE 3-1 (Sheet 2 of 4)

S-IVB-502 STAGE HARDWARE LIST

NAME

Valve, LOX Fill and Drain

Module, Actuation Control, LOX Fill and Drain Valve

Module, Cold Helium Fill

Valve, Check, Cold Helium Fill Line

Module, LOX Tank Pressure Control

Disconnect, Cold Helium Fill and LOX Tank Prepressurizatior

Valve, Check, Cold Helium Fill and LOX Prepressurization
Line

Plenum, LOX Tank Pressurization, 250 sci

Switch, Pressure, LOX Tank Pressurization Regulator

Backup, P/U465 +I0, -15 psia, D/0350 +15, -i0 psia

Orifice, LOX Tank Pressurization Heat Exchanger Primary

Orifice, LOX Tank Pressurization Heat Exchanger Bypass

Disconnect, Thrust Chamber Jacket Purge and Chilldown

Valve, Check, Thrust Chamber Jacket Purge Line

Module, LH2 Tank Pressure Control

Orifice, LH2 Tank Pressurization Step

Orifice, LH2 Tank Pressurization Normal

Orifice, LH2 Tank Pressurization Control

Orifice, LH2 Tank Repressurization Line

Orifice, LH2 Nonpropulsive Vent Purge Line

Orifice, Nonpropuisive Vent . .

Orifice, Nonpropulsive Vent

Valve, Directional Control, LH2 Vent

Switch, Pressure, LH2 Tank ist Burn Flight Control,
P/U 31psia Max, D/O 28 psia Min

Switch, Pressure, Prepressurization, 2nd Burn Flight

Control, Repressurization, and Ground Fill Valve Control,

P/U 34pisa, Max, D/O 31 psia Min

Valve, 3-Way, LH2 Tank Instrumentation Shutoff

Valve, LH2 Tank Relief, Crack 38.psia Max, Reseat

35 psia Min

* Indicates location in figures 3-2 and 3-3

** Module part number

P/U = Pickup

D/O = Dropout
28 September 1966
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TABLE3-1 (Sheet 3 of 4)
S-IVB-502 STAGEHARDWARELIST

Section 3
Test Configuration

*ITEM
NO. PARTNO. NAME

57 IA48257-507

58 IA79382-I

59 IA48858-I

60

61 IA48431-501

62 IA49421-503

63 IA48854-I

64 IA58347-505

65 IA49423-505

66 IA49964-501

67 7851847-535

68 114-109

(PESCO)

69 IA67913-I

70 IA49965-513

71 IA89104-501

72 IA49968-509

73 IA59098-013-3

74 IA59098-013-5

•35 10414087

76 IB39201-501

77 7851847-531

78 IB65292-501

79 IB65292-501

80 IA49964-501

81 IA49965-511

82 IA49968-503

83 iA59098-0!3-5

Valve, LH2 Tank Vent and Relief, Crack 37 psia Max,

Reseat 34 psia Min

Diffuser, LH2 Tank Pressurization

Sphere, Cold Helium, 8 each, 3.5 scf

Probe, LH2 Temperature Sensor

Probe, LH2 Mass Sensor

Pump, LH2 Chilldown

Orifice, LOX Chilldown Pump Purge

Module, LOX Chilldown Pump Purge

Pump, LOX Chilldown

Valve, Check, LOX Chilldown Return Line

Switch, Pressure, LOX Chilldown Pump Purge Regulator

Backup,P/U 53 psia Max, D/049 psia Min

Valve, Relief, LOX Chilldown Pump Motor Container, Crack

and Reseat 65 to 85 psia

Valve, Vent, LOX Chilldown Pump Motor Container

Valve, Shutoff, LOX Chilldown Pump Discharge

Flowmeter, LOX Chilldown Pump Discharge

Prevalve, LOX

Valve, Check, LOX Chilldown Pump Discharge

Strainer, LOX Chilldown Pump Discharge

Valve, Shutoff, 3-Way, LOX TankPressure Switch

Switch, Pressure, LOX Translunar Vent Termination,

P/U 38 psia Max, D/O 34 _! psia

Switch, Pressure, LOX Ground Fill Valve Control,

Prepressurization, Flight Control, and Repressurization,

P/U41psia Max, D/O 38 psia Min

Module, Actuation Control, Directional Vent Valve

Module, Actuation Control, LH2 Tank Vent and Relief Valve

Valve, Check, LH2 Chilldown Return Line ""

Valve, Shutoff, LH2 Chilldown Pump Discharge

Prevalve, LH2

Strainer, LH2 Chilldo_ Pump Discharge

* Indicates location in figures 3-2 and 3-3

P/U = Pickup 28 September 1966
D/O = Dropout
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*ITEM

TABLE3-1 (Sheet 4 of 4)
S-IVB-502 STAGEHARDWARELIST

NO. PARTNO.

84 IA59098-0i3-3

85 IA89104-501

86 IB65292-501

87 IB56653-501

88 IB53920-501

89 IB56653-501

90 IA49990-501

91 IB51361-I

92 IA49990-I

93 IB64052-I

94 IB40824-505
95 IB51361-I

96 IB63206-I

97 IA49590-509

98 IA48312-503

99 IB65292-501

I00 1A58347-507

i01 IA67002-509

i02 'IA49958-521

103 IA49958-515

104 IA49958-523

NAME

Valve, Check, LH2 Chilldown PumpDischarge

Flo_aneter, LH2 Chilldown PumpDischarge
Module, Actuation Control, Prevalves, and Chilldown Valves

Module, Control, LH2 Tank Repressurization

Valve, Check, LH2 Tank Pressurization

Module, Control, LOXRepressurization

Sphere, LOXRepress_rization, 2 each

Valve, Check, LH2 Repressurization Module Supply

Sphere, LH2 Repressurization, 7 each

Orifice, LOXRepressuriza_ion Line

Valve, Check, LOXRepressurization Line

Valve, Check, LOXVent and Relief Valve Purge

Orifice, LOXVent Relief Valve Purge

Valve, Relief, LOXTank, Crack 45 psia Max, Reseat
42 psia Min

Valve, LOXVent and Relief, Crack 44 psia Max, Reseat
41 psia Min
Module, Actuation control, LOXVent and Relief Valve

Module, Control, Engine PumpPurge

Switch, Pressure, Engine PumpPurge Regulator Backup,
P/U 130psia Max,D/O105 psia Min
Disconnect, Start Sphere Vent and Relief Valve Drain

Disconnect, Engine Control Helium Sphere Fill

Disconnect, Engine Start Sphere Fill

* Indicates location in figures 3-2 and 3-3
P/U = Pickup
D/O = Dropout

28 September 1966
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Section 3

Test Configuration

TABLE 3-2 (Sheet I of 3)

_DS-IVB-502 STAGE AND GSE ACCz. TANCE FIRING CRIFICES

r

l
p

ITEM*

NO.

16

21

23

29

39

40

46

44

45

47

48

49

50

63

64

DESCRIPTION

Stage

Continuous vent module

purge

LH2 continuous vent

system purge

LH2 fill and drain.valve

purge

LOX fill and drain valve

purge

LOX tank pressurization

heat exchanger bypass

LOX tank pressurization

heat exchanger primary

LH2 tank pressurization

overcontrol - ist burn

LH2 tank pressurization
overcontrol - 2nd burn

LH2 tank pressurization

undercontrol

LH2 repressurization
control

LH2 tank nonpropulsive

vent purge

Nonpropulsive vent No. 1

Nonpropulsive vent No. 2

LOX chilldown pump purge

LOX chilldown pun_ purge
module

ORIFICE SIZE OR

NOMINAL FLOWP_TE

300 scim at

3,000 psid

1 scim at

3,200 psid

15 scim at

3,200 psid

15 scim at

3,200 psid

0.166 in. dia

0.196 in. dia

0.204 in. dia

0.204 in. dia

0.296 in. dia

0.102 in. dia

i scfm at

3,200 psid

2.180 in. dia

2.180 in. dia

37 scim at

475 psid

0.00166 Ibm/sec

at 475 psig IN

and 85 psig OUT

COEFFICIENT EFFECTIVE

OF DISCHARGE AREA (in. 2)

Sintered

Sintered

Sintered

Sintered

0.89 0.0192

0.89 0.0268

0.86 % 0.0870 #

0.87 t 0.0882 t

0.86 0.0593

0.86 0.0070

-- Slntered

Sintered

w--

* Indicates location in figures 3-2 and 3-3.

% Discharge coefficient and effective area are calculated for overcontrol

and undercontrol orifices in combination.

28 September 1966
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TABLE3-2 (Sheet 2 of 3)
S-IVB-502 STAGEANDGSEACCEPTANCEFIRINGORIFICES

ITEM
NO.

93

95

99

A9538

A9537

A9536

A9535

A9515

A9533

A9534

A9539

A9526

A9529

DESCRIPTION

LOXrepressurization
control

LOXtank vent and relief
valve purge

Engine pumppurge module

ORIFICESIZE OR
NOMINALFLOWRATE

0.036

65 scfm at
3,000 psid

0.00166 ibm/sec
at 475 psig IN

and 85 psig OUT

Console A

LH2 tank repressurization

supply

Pressure switch checkout,

high pressure

Pressure switch checkout,

low pressure

LH2 tanks and umbilical

purge supply

All console A stage bleeds

Pressure actuated valve

and mainstage pressure

switch supply

LH2 system checkout supply

LOX system checkout supply

Console GN2 inerting

supply

J-box inerting supply

Console B

All console B stage bleeds

LOX tank and umbilical

purge system

-- Turbine start sphere

supply

* Indicates location in figures 3-2 and 3-3.

Union

0.032 in. dia

1.2 scfm

0.260 in. dia

Variable

1.2 scfm

1.2 scfm

2.0 scfm

0.013 in. dia

0.013 in. dia

Variable

0.305 in. dla

Union

COEFFICIENT

OF DISCHARGE

0.91

0.88

28 September 1966

EFFECTIVE

AREA (in. 2)

0.00092

0.0033

Sintered

0.0467

Sintered

Sintered

Sintered
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Section 3
Test Configuration

TABLE3-2 (Sheet 3 of 3)
S-IVB-502 STAGEANDGSEACCEPTANCEFIRINGORIFICES

ITEM
NO.

A9527

A9348

A9540

A0553

A9550

A9552

A9526

A9525

DESCRIPTION

LH2 tank prepressurizatlon
supply

Console GH2inerting supply

J-box inerting supply

Cold GH2vent

Engine continuous sphere
supply vent

Turbine start sphere supply
vent

Thrust chamberjacket purge
and chilldown system

Engine Control Sphere
supply

LOXtank prepressurization
supply

ORIFICESIZE OR
NOMINALFLOWRATE

0.113 in. dia

Manifold

0.013 in. dia

Variable

0.081 in. dia

0.072 in. dia

0.125 in. dia

0.096

COEFFICIENT
OFDISCHARGE

0.94

0.84

0.83

0.89

0.84

0.94

EFFECTIVE

AREA (in. 2)

0.00433

0.00574

0.00362

0.01031

* Indicates locatioh in figures 3-2 and 3-3.

I

28 September 1966
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Section 4

Test Operations

TEST OPERATIONS

The S-IVB-502 stage is the second flight stage of the S-IyB/V stage series•

Its primary mission includes placing the Apollo payload in a circular orbit.

After one to three orbits, the stage J-2 engine will be restarted to place

the Apollo payload in an elliptical earth orbit.

The stage was successfully acceptance fired on 28 July 1966 with no major

problems• The terminal countdown (CD 614067) was initiated on 27 July 1966

andwas conducted in accordance with the Douglas countdown manual, .drawing

No. IB70263. In addition, APS modules i and 2 were confidence fired during

CD 624360 and CD 624368.

Details of the acceptance firing are presented in the following paragraphs

including discussions of the propellant loading, ground support equipment

(GSE), and facility operation.

4.1 Countdown Operatlons

4.1.1 Countdown 614067

Countdo%_ 614067 was initiated on 27 July 1966 and proceeded smoothly

through ist and 2nd burns and the simulated orbit. The test was successfully

completed on 28 July 1966 with no major problems.

After a successful ist engine burn, an orbital coast period was simu-

lated. An excessive temperature developed in the engine start sphere;

the sphere was vented, rechilled, and pressurized to obtain proper

conditions for the 2nd burn engine start.

The major events of the acceptance firing occurred at the following times:

EVENT TIME

Termina_ Countdown Initiated

Simulated Liftoff

Engine Start Command - ist Burn

Engine Cutoff COmmand-ist Burn

Engine Start Command - 2nd Burn (T2 -0)

Engine Cutoff Command - 2nd Burn

1339:40 PDT

1411:50 PDT

SLO +511 sec

•sL0 +664 sec

1553:40 PDT

1558:30 PDT

28 September 1966

23



Section 4
Test Operations

4.1.2 APS Module i (CD 624360)

APS module I was successfully confidence fired on 19 July in accordance

with Test Request (TR) 2077, and the performance was as expected. Pro-

pellant loading and helium pressurization were accomplished before the

fiKing program was initiated. The program consisted of an S-IB APS con-

fidence firing sequence which was run once with'and once without the

ullage engine firing. The module was then flushed with Freon MF and

removed.

4.1.3 APS Module 2 (CD 624368)

APS module 2 was successfully confidence fired on 27 July in accordance

with TR 2078. The propellant loading, system pressurization, and con-

fidence firing activities were similar to those of module i. Further

details of the confidence firings of both modules are presented in

section i0.

4.2 Checkout

The modifications, procedures, and checkouts performed for the acceptance

firing were initiated on 2 July 1966 upon receipt" of the stage at

Sacramento Test Center, and continued through 26 July. The handling and

checkout procedures that were used for the prefiring and postfiring check-

outs are described in Douglas Report DAC-56353, S-IVB-502 Stage Narrative

End Item Report.

The integrated systems test was performed on 8 July to check out the auto-

"maflically controlled equipment of the stage, pneumatic eons01es, and

propellant sleds. The simulated static firing was performed on 22 July

to verify the countdown procedure. The test proceeded satisfactorily

with only minor problems.

4.3 Cryogenic Loading

The S-IVB-502 stage was successfully loaded with LOX, LH2, and cold helium.

No difficulties or irregularities occurred and satisfactory ievels were

attained in all systems.

24
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4.3.1 LOX Loading

The LOX loading procedures were conducted as specified in Task 41 of the

Countdown Manual. The computer controlled loading operation was completed

satisfactorily, although at 98 percent load the main LOX fill valve did not

go from the full open position to the topping position within the required

i0 sec. The system was automatically secured with no incidents. Loading

data are presented in table 4-1 and figure 4-1.

4.3.2 LH2 Loading

The LH2 loading procedures were conducted as specified in Task 42 of the

Countdown Manual and completed without incident. During fast fill, the

LH2 flowrate averaged 2,830 gpm instead of the desired 3,000 gpm; during

topping it was 530 gpm. Loading data are presented in table 4-2 and

figure 4-2.

4.3.3 Cold Helium Loading

Cold helium was loaded after the completion of LH2 loading. Satisfactory

temperatures and pressures were obtained. Data are presented in table 4-3

and figure 4-3.

4.4 GSE Performance

4.4.1 GH2 Supply System

The GH2 supply system performed adequately by cooling the engine start

sph@re to within the start limits of 290 !30 deg R. Ambient GH2

from the facility was supplied at 2,500 psia to console B, where it was

regulated to approximately 1,230 psia. The GH2 was then cooled by routing

it through the No. 1 (GH2) circuit in the heat exchanger and •returning it

to pneumatic console B for control and distribution to the engine start

sphere. Start sphere cliil!down (figure 4-4) was accomplished by flowing

the cold GH2 into the engine GH2 start •sphere and out the sphere vent

valve. The high flo_rate an d small vent size caused the sphere pressure

to be maintained at approximately i,i00 psia during the chilldown.
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In order to m_et the required temperature in the engine start sphere at

engine start (290 +._30deg R), it was necessary to regulate the GH2flow
through the heat exchanger. A 0.081-in. dia orifice was installed in the

GH2supply vent line. By opening the supply vent, the flow through the

heat exchanger could be increased; therefore, a higher temperature GH2

could be supplied to the start sphere whennecessary.

The average chilldown flowrate after temperature and pressure had

stabilized was 8.1 ibm/min. Start sphere temperature and pressure were

273 deg R and 1,350 psia at ist burn Engine Start Command(figure 4-4).

Due to heating conditions in the start sphere'durlng the simulated orbital

coast (paragraph 6.1.3), it was necessary to vent and rechill the start

sphere prior to 2nd burn. This was satisfactorily accomplished with an

average chilldown flowrate of 8.7 Ibm/min and a pressure and temperature

of 1,320 and 264 deg R in the sphere at Engine Start Command(figure 4-5).

4.4.2 Helium Supply System

The helium supply system functioned adequately. Propellant tank pre-

pressurization, thrust chamber chilldown, and loading of the cold helium

spheres and the stage and engine pneumatic control sphere were all satis-

factorily accomplished.

Ambient helium from a 6,000-psi supply was regulated by the pneumatic

console A, stage I regulator to approximately 3,100 psla and distributed

to perform chilldown and pressurization functions. The helium supply

pressure (D0778) profile was normal. At initlat±on of the thrust chamber

chilldown, the pressure was 3,100 psia; it remained at that level until

the start of prepressurization (figure 4-6). The regulated pressure then

increased to 3,250 psia by the end of prepressurizatlon (figure 4-7).

During the terminal countdown prior to simulated llftoff, the cold helium

supply for pressurizing the engine control sphere and chilling down the

thrust chamber was satisfactory. At engine start the control sphere

pressure was 3,345 psia, and the temperature was 289 deg R as a result

of heat transfer from the start sphere during sphere loading (figure 4-4).
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The cola helium flowrate during thrust chamber chilldown (figure 4-8)

varied from 7.0 to 11.7 ibm/min. Both heat exchanger outlet temperatures

(figure 4-7) reacted as expected. The temperature at the four-coil outlet

(C0702) was stabilized at 88 deg R and the eight-coil outlet (C0703) at

93 deg R during chilldown and before LOX and LH2 tank prepressurization

was completed. After simulated liftoff, 'the temperature at the thrust

chamber jacket chilldown control orifice (C0747) was relatively steady at

95 deg R (figure 4-8).

Prior to 2rid burn, GSE helium was utilized for LOX tank prepressurization

(figure 4-9) and thrust chamber chilldown (figure 4-10). As expected, the

engine control sphere and stage control helium sphere did not require

repressurization after the coast period.

The cold helium flowrate during 2nd burn thrust chamber chilldown varied

between 7.0 and 11.7 ibm/min with an orifice inlet temperature that decreased

to 95 deg R at engine start. Heat exchanger temperature response is

presented in figure 4-9.

4.5 Terminal Countdown

The major events of the Ist burn terminal countdown were engine conditioning

and final replenishing and prepressurization of the propellant tanks. This

portion of the countdown started with the automatic sequence at SLO -20 min

30 sec; final propellant replenishing was completed by SLO -60 sec. The

stage was isolated from GSE at SLO -13 sec, approximately as planned.

During simulated orbital coast, the engine start sphere was vented to

ambient (paragraph 6.1), and it was necessary to rechill and pressurize the

sphere during the 2nd burn terminal countdown. LOX tank prep_essurization,

thrust chamber chilldo_, and final LOX tank replenishing were accomplished

as planned. The auxiliary pressurization system was used to ensure proper

ullage pressures in the LOX and LH2 tanks prior to 2nd burn. The stage

satisfactorily accomplished propellant tank repressurization, engine

pump purge, and engine pump chilldown prior to 2nd burn Engine Start

Command (table 4-4).
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4.6 Holds

Three operational holds, totaling i0 hr 23 min 25 sec, were called during

CD 614067. The clock was advanced i hr at T -ii hr 30 min.

a. At T -17 hr 31 min, a 36-min hold was called to turn off

stage power to allow troubleshooting of the overcurrent

problem on forward bus 2.

b. At T -8 hr, a scheduled hold of 9 hr 30 min was called to complete

all outstanding countdown tasks.

c. At T -3 hr 30 min, a 17 min 25 sec hold was called to correct

computer problems.

28

28 September 1966



Section 4

Test Operations

I
?Z

_4

[-i
M
0

l ....

4¢

v

om '
o_

Z

i-4 m

,.-1

i,.,-4

,-_ _

I--I

i-.4 ,..-,,

k-.4 In

C_

:>O

I [-_
_.0"/

,-4
u,%

eq

,-I

,-.4
O

¢q

O
O
,--I

u'_

6,1

..,1"
o_

u-_

O

,J

o

co

('o

o

o',

o
...a"
o
-,.?
,.-I

,-4
o
04

,,m

'
0%
,-I

_'_ _ co i._

I I m ',o I 04 :'I
I I ., ,,, I ,. .,

-.I" r,.. r,.,.
,-.I oo co ¢_,

_ _-I _-I

u% @o o
oo ...1".-.1"
-.I" un u% co _ u_

Z

o o o
Z o o o Z

o%

-_ 0o co
Z 04 04

Z _D 04 o% _

Z

u-_
o%
00

O m,.

o%

o
o

O r.- o4
co O o
o o o

o

o _ ,-.q
-4" c._ c'_
,-4 ,-4. ,-I

,-4 ,.-I ,-.4

< 04 O "-1" < m- _o
Z 04 co o% z -_ co

Z o%

o% o% o%

Z O 04 _ Z O
C_ o o o !cI o

co un
-.,1" .,.T -.1"

-,1"
o%

r-,. 00 o
.-T --1" u,%
o o o
•,,1" .-..1" --1"
,-4 ,-I ,-.4

•,_ un o ,._ .< o% co
Z _o u% o0 Z _ o%

04
o
04

...1-u% o0 _ m. 04

Z 04 o_ u_ Z _ _o

Z 04 oo r-- _ e% 04

-,1" u'_ _ o% ,-.I 0,1 i-...

o o o o. o O O
-.T -.T -.T -.T -.? -.T -.T

-I¢

o o o
04 04

o4
o
u"l

o

m

.r-I

o

i-I
I

aJ

04

o_

04
o _D I

._ .-4 o

o
m

m

m

>_

o

_-4 ._ co o

¢_ 0_ _ ._,

.i.i o o
O _ 0 0 C:

Z _ ,-_ ,'-_ ._

II II II II

28 September 1966

Table 4-1 29



Section 4

Test Operations

,--4

00_-_ c_
E.4 _.._ [.._ "---

o_ ' ,-__r_ _
;-l 0 E-4 _-,

z
H _

_rZ
I-.I I.-.1 I

I-4 _'1

_ 0 _

Z M 0

'U

<
I [-_

o

o

o
o
,---t

_0

o

o

o

o-1

o
oh
o_

o
cxl

u'l

00

o
o
o

o
_-
o

_-I

c)
cxl

00

I
I I ,,-I
I I -,

oo _
r-.. I r-.

¢o co -.I"

o _
o o_ Z co oq o'_ Z --1" co

o z .f
o o

o
o

Z o_ oh 00 Z co o

Z e_ 0 o'_ Z r'_

un _ 0
oh ,-.I 0
0'_ 0 0

Z o'_ _

o r_ ;-I
o

oq _ o,I

Z -q _ o z 00 oh

¢'q _ ¢Xl ¢_1

Z -.1" co _ _ _0 o

u'_ u'l Lt_

Z Z

0 O_l 0
_0 0"_ 0
eq C_l 0"1

Z _o o_ o_ Z o o
C_ -.I" -..I" <o C_ <o u-_

r._ 00 o

o o o
--T -,I" -.I"

Z o o_ co Z co oo
C_ L,% "-T "-I" _ "-.I" U%

c'q
o
c'N

O. 0 0 0 0 0 0

0 0 0

28 September 1966

o
u_

3

]

]

]

]

]

]

30 Table 4-2



Section 4

Test Operations

Z

c_

"-I"0

M

m

M
0
(..>

[..-t

O_
E-4>_ ,--,

I--4 f.D L_ "_-"

f-_ 0., 0

0 _ '..0
r-_ _

0

<

Z

0
0

0 0 0
-_" O_ 0

c_ c_ c_

0", 0

¢,_ .¢_

,.0

0
0

0 0 0

00 O_ 0

"_ ".,1" 0
,,0 -,1"

0
0
0

0
0

0 0 0
0 0 _ .
-.I" u'_ _0

Z u_ u_

<

Z

0
0
09

0
0

0 0 Lr_ u_ 0

0
-.1-
0
-.1"
,...-I

0 0 0

,--I _-I ,-_

¢._

c;

,,--I
0 0

¢xl

0

,--I

0
0

0

0 0
¢_ 0

.._

.._ u-_ _D O_ r-..

0 0 0 0 0

,.-I ,--I ,.-,I _ ,--I

0'_ -.T ¢'.1
0 0 0
oq ¢xl u-_

-,-I

Q;

O_

0
_J

_ N
_ ._
_.. 1.4

eq _

•_ _._

_ 0 [---t
0 u_

_ °

0 > ._

0

m > N

0 _ ,--I

O_ ._

0 _ ,'_ _ 0
Z _ _ _ _J

n II II II

28 September 1966

Table 4-3 31



Section 4

Test Operations

TABLE 4-4 (Sheet 1 of 3)

TERMINAL COUNTDOWN SEQUENCE

FUNCTION

Start Sphere Purge ON

Start Sphere Chilldown ON

Start Sphere Purge OFF

Thrust Chamber Purge OFF

Thrust Chamber Chilldown ON

Start Sphere Pressurization ON

LOX Chilldown Pump ON

LH2. Chilldown Pump ON

LH2 Prevalves CLOSE

LOX Prevalves CLOSE

LOX Tank Prepressurizatlon ON

LOX Vent CLOSE

LH2 Vent CLOSE

LH2 Tank Prepressurizatlon ON

LH2 Fill and Drain Valve CLOSE

LOX Fill and Drain Valve CLOSE

LH2 Tank Directional Vent to Flight Position

Cold Helium Regulator _ackup Pressure Switch
ENABLED

Cold Helium Sphere Supply OFF

LH2 Tank Prepressurization Supply OFF

Engine Control Sphere Supply OFF

LH2 Repressurization Supply OFF

Simulated Liftoff

Engine Pump Purge ON

Engine Pump Purge OFF

Thrust Chamber Chilldown OFF

Prevalves OPEN

LH2 Chilldown Pump OFF

LOX Chilldown Pump OFF

Chilldown Shutoff Valves CLOSED

Engine Start Command - Ist Burn

Cold Helium Shutoff Valve OPEN

28 September 1966

TIME FROM SLO (sec)

-1,224.1

-931.7

-931.5

-405.9

-405.7

-324.5

-203.8

-200.7

-197.0

-196.9

-159.5

-159.4

-111.5

-108.9

-54.8

-54.5

-25.4

-25.7

-4.8

-4.8

-4.6

-4.3

0

332.0

452.5

488.2

508.8

510.9

511.0

511.1

511.9

513.1

32 Table 4-4



TABLE4-4 (Sheet 2 of 3)
TERMINALCOUNTOWNSEQUENCE

Section 4
Test Operations

FUNCTION

LOXTank Flight Pressurization ON

Engine PumpPurge ON
Engine Cutoff Command- ist Burn

LOXand LH2 Prevalves CLOSED

Cold Helium Shutoff Valve CLOSED

Thrust ChamberPurge ON

LOXTank Flight Pressurization System OFF
LOX and LH2Prevalves OPENED

LOXand LH2 Prevalves CLOSED

Chilldown Shutoff Valves OPENED

Chilldown Shutoff Valves CLOSED

LH2 Continuous Vent Valve OPEN

Engine PumpPurge OFF
LOXVent OPEN

2nd Burn Terminal Count Initiated

Thrust ChamberPurge OFF
Thrust ChamberChilldown ON

Start Sphere Pressurization

LOXChilldown PumpON
LH2 Chilldown PumpON

LOXTank Prepressurizatlon ON

LOXTank Prepressurization OFF
LH2 Tank Continuous Vent Valves CLOSED

LH2 Tank Vent Valve CLOSED

LH2 Tank Repressurization ON

LOXTank Repressurization ON

Engine PumpSeal Purge ON
LOXAuxiliary Pressurization

LH2 Auxiliary Pressurization

Engine PumpSeal Purge OFF

Thrust ChamberChilldown'OFF

TIMEFROMSLO(sec)

513.9 _

660.2

665.2

665.9

665.9

665.5

666.4

728.7

732.1

732.2

734.4

755.5

1,307.3

1,307.4

TIME FROM 2ND ESC (sec)

• ." :.

-1,362.9

-899.2

-893.3

-772.3

-719.7

-716.8

•-700.4.

-552.1

-326.1

-324.8

-326.2

-323.2

-180.6

-146.8

-126.6

-60.4

-23.8
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TABLE4-4 (Sheet 3 of 3)
TERMINALCOUNTDOWNSEQUENCE

FUNCTION

Prevalves OPEN

Chilldown Shutoff Valves CLOSED

LOXChilldown PumpOFF

LH2 Chilldown PumpOFF

Engine Star= Command- 2nd Burn (1553.05 PDT)
LH2 Pressurization Overcontrol Valve ENABLED

LOXTank Flight Pressurization System ON

Engine Cutoff Command- 2nd Burn

TIME FROM2NDESC(see)

-3.7

-1.7

-1.6

-1.5

0

2.6

3.3

293.7

]

]

]

]

]

28 September 1966
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SEQUENCE OF EVENTS

The S-IVB-502 stage acceptance firing sequence of events is presented in

table 5-1. Event times from five data sources are included in the table.

These sources were S-IVB-502 stage telemetry PAM, FM/FM, PCM (CAT 42 and

CAT 45 tabulations), Digital Events Recorder (CAT 57), *CAT 37 (generated

from the sequence recorder) and switch selector.

The accuracies of the listed events are as follows:

DATA SOURCE ACCURACY

**Digital Events Recorder (CAT 57)

T/M - FM/FM (worst case)

T/M - PAM/FM/FM-Prime Multiplexed

Submultiplexed

T/M - PCM/FM/FM

CAT 45-Prime "A"

Multiplexed

"A" Submultiplexed

+0, -I ms

+0, -40 ms

+0, -9 ms

+0, -84 ms

+0, -35 ms

+0, -335 ms

"B".Submultiplexed

Prime "B" Multiplexed

CAT 42-Discrete Bi-levels

+0, -84 ms

+0, -9 ms

+0, -9 ms

i

*Cat 37 data was not processed for tlnis report.

**There was 40 ms delay on Cat 57 events due to the use of an

isolation relay in the circuitry. "
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ENGINE SYSTEM

The S-IVB'502 stage engine system (figure 6-1) consisted of a Rocketdyne

liquid hydrogen/liquid oxygen rocket engine (S/N 2042) and a propellant

conditioning subsystem.

The engine was received at Douglas A3 on 17 November 1965 and installed on

the stage 27 January 1966. Twenty changes were made by Rocketdyne at

Douglas A45 prior to the acceptance firing on 23 July 1966, but none affected

the performance level of the engine. After the Douglas acceptance firing,

the engine had accumulated 809.7 sec of burn time as follows:

Testing Burn Time (sec)

Rocketdyne (five firings -

4 October to 13 October 1965)

Douglas (acceptance firing -

28 July 1966)

Ist Burn

2nd Burn

362.7

153.3

293.7

Total 809.7

The changes consisted mainly of those normally made for engine flight con-

figuration and those designed to improve and monitor the operation of the

main LOX valve, ihe electronic control assembly (P/N 502670) was changed

prior to acceptance firing because of a defective spark excitor and

transistor.
•

6.1 Engine Chilldo_m and Conditioning

6.1.1 Engine Turbopump Chilldown

Chilldown of the engine LOX and LH2 turbopumps was adequate to provide the

conditions required for proper engine start cn Ist and 2nd burns. An

analysis of the chilldown operations is presented in paragraphs 7.3.1 and

8.3.1 for ist burn and 7.3.2 and 8.3.2 for 2nd burn. •
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The"start sphere refill system demonstrated the ability to recharge the

start sphere to a satisfactory restart condition. By Ist ESC+70 sec the

sphere was recharged to 1,190 psia from the GH2injector tapoff and LH2

pumpdischarge orifice tapoff. The mass in the sphere at engine cutoff
was 4.1 ibm.

At approximately 800 sec after the initiation of simulated orbital coast,

the start sphere pressure increased to 1,390 psia and the start sphere
relief valve opened. Continued relieving of the start sphere decreased the

pressure to 1,300 psia. Meanwhile, the temperature increased to 306 deg R

by ist ECC+3,537 sec (figure 6-8). This rate of temperature increase, if
projected to 2nd engine start would have resulted in a temperature that

was out of the restart box (figure 6-6). An attempt was madeto lower the

temperature at this time by venting the start sphere to 1,190 psia. When

no significant temperature decrease was noted, the sphere was vented to

ambient and rechilled.

A comparison of the start sphere data for the S-IVB-501 and 502 stages is

presented in the following table:

54

Time

ist ESC Temperature (°R)

Pressure (psia)

Ist ECC Temperature (°R)

Pressure (psia)

2nd ESC Temperature (°R)

Pressure (psia)

2nd ECC Temperature (°R)

Pressure (psia)

S-IVB-501

290

1,270

232

1,210

248

1,280

220

1,240

S-IVB-502

272

1,325

225

1,240

264

1,300
• . . _.

228

1,300

The above data indicate a close degree of Similarity between the two stages.

The heat input rate to the start sphere during the simulated coast period

was normal for the prevailing ambient conditions. It would seem that

restart conditions cannot be met after a 90-min simulated coast period

if preSent ist and 2nd burn•start•requirements are maintained. The present

procedure of venting and rechilling the start sphere during the simulated

coast will probably be required during future S-IVB/V acceptance firings.
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6.1.2 Thrust Chamber Chilldown

The engine thrust chamber was satisfactorily chilled down to 215 deg R at

ist burn Engine Start Command (ESC) and 228 deg R on 2nd burn ESC. The

thrust chamber skin temperature histories during both chilldown operations

are shown in figures 6-2 and 6-3. These temperature traces show the usual

interruptions caused by cycling of the cold helium crossover valve and by

LH2 and LOX tank prepressurization.

The LH2 pump performance was satisfactory during the start transients of

both ist and 2nd burn with no indication of stall (figures 6-4 and 6-5).

Further information on the chilldown operation and GSE supply system is

presented in paragraph 4.4.

6.1.2.1 First Burn

Thrust chamber ehilldown was initiated at 405 sec prior to simulated

liftoff (SLO). The thrust chamber skin temperature (C0199) at chilldown

initiation was 535 deg R (figure 6-2). At thrust chamber chilldown ter-

mination (SLO +488.9 sec) the temperature was 208 deg R, increasing to 214

deg R at ist burn engine start. This temperature was within the start

requirement of 260 !50 deg R.

6.1.2.2 Second Burn

The skin temperature returned to ambient at Ist burn engine cutoff, and

remained there until chilldown initiation at: 900 sec prior to 2nd burn

(figure 6-3). The skin temperature was 218 deg R at the end of 2nd burn

chilldown (2nd ESC -23 sec), and increased to 227 deg R by 2nd ESC. This

was within the required temperature range for restart.

6.1.3 Engine Start Sphere Chilldown and Loading

The chilidown and loading of the engine start sphere adequately met the

objective of cooling the sphere to 290 +_30 deg R and loading it with GH2

to 1,325 !75 psia at ist ESC (figure 6-6). The warmup rate after the

sphere was pressurized, and until start sphere blowdown, was 2.15 deg/min,

resulting in a temperature and pressure at Ist engine start of 272 deg R

and 1,325 psia, respectively (figure 6-7). The GH2 mass in the sphere at

this time was 3.60 Ibm, of which 3.0 ibm were used during first start

sphere blowdown.

28 September 1966
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After the start sphere had been vented, the sameprocedure established for

the 1st burn terminal count was used to rechill and reload the sphere for

2nd start. At 2nd ESC-770 sec, the start s_here vent valve was commanded

closed by the computers and the sphere pressure increased from i,i00 psia

to 1,160 psia (figure 6-9).

Because of heat transfer, the sphere self-pressurized to 1,300 psia by
2nd engine start. The sphere temperature at this time was 262 deg R

which was within the 2nd burn start region (figure 6-6). During 2nd

burn engine firing, the sphere was recharged again to a restart condition.

The GH2supply system perfomnance during start sphere chilldown and loading
for Ist and 2nd burns is described in section 4.

6.1.4 Engine Control Sphere Chilidown and Loading

The engine control sphere conditioning was adequate to meet the objective of

cooling the sphere to 290 !30 deg R and pressurizing it to 3,000 +--200psia.

At 1st burn engine start, the pressure was 3,345 psia and the temperature

was 289 deg R giving a helium mass of 2.09 ibm (figure 6-7), of which

0.18 ibm were required at engine start and an additional 0.06 ibm during

the firing. For the 2nd burn, 0.16 Ibm were required at engine start and

an additional 0.ii ibm duping the firing.

The indicated helium usage during engine firing has varied significantly

from stage to stage. This is explained by the differences in the LOX turbo-

pump intermediate seal cavity purge orifice. Although the purge require-

ments of 2,600 to 7,000 scim have been met, the orifices are calibrated to

allow the flowrate to be anywhere within these limits, and the difference

between 2,600 and 7,000 scim can cause a variation of 0.3 ibm of helium

usage during engine burn.

The warmup data from the control sphere are not available for the entire

simulated orbital coast since the start sphere was vented and rechilled

prior to 2nd engine start. Extrapolation of available data (figure 6-8)

for a 90-min simulated orbital coast indicates a pressure of 3_570 Dsia

with a temperature of 360 deg R. These conditions do not exceed the

structural limitations of the sphere. There was little or no leakage

during the orbital coast as verified from mass calculations after ist engine

cutoff and prior to 2nd engine start.
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During initiation of 2nd burn start sphere chilldowr_, the pressure in the

control sphere increased (figure 6-9) because of heat transfer from the

relatively warmer GH2 entering the start snhere during the first 14 sec of

chilldown_ however, as noted, the control sphere temperature started to

decrease and it was not necessary to vent the control sphere. The condi-

tions in the sphere at 2nd engine start were 2,750 psia, 275 deg R, and

1,87 ibm. At the end of 2nd burn, the remaining mass in the sphere was

1.56 ibm.

The total helium consumption for ist burn, coast, and 2nd burn, was

0.53 Ibm.

6.2 J-2 Engine Performance

Engine performance was calculated by use of computer programs AA89, GI05-3,

and F823. These programs use various measurements and predetermined

correlations to reconstruct the test, giving performance parameters and

their profiles. A description of the operation and a comparison of the

results of each program is presented in table 6-1.

The F823 and GI05-3 programs had been modified to include LH2 and LOX

boiloff rates and LH2 pressurization flowrates in the propellant depletion

rates. Another modification was made so that the thrust coefficient (Cf)

used in both GI05-3 and F823 was calculated by correcting the theoretical

Cf with an efficiency factor instead of the linear bias previously used.

The efficiency factor is calculated as a function of thrust chamber mixture

ratio, using reference values taken from the engine log book. This method

will be used on all future acceptance firing evaluations.

A 15-psi negative bias was applied to the combustion chamber pressure

measurement in GI05-3 and F823 to compensate for the instrument probe purge

on this measurement. In addition to the chamber pressure bias, GI05-3 had

flowmeter biases as follows: On Ist burn, LOX flowrate was biased -9.5

gpm and LH2 flowrate was biased -18.84 gpm; while on 2nd burn, LOX flowrate

was biased -8.14 gpm and LH2 flowrate was biased -19.38 gpm. These flewrate

•biases were based upon a pip count analysis of raw test data.
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6.2.1 First Burn

Program mixture ratio produced a high mixture ratio engine operation during

the ist burn, as planned. First burn was terminated at a predetermined

time of approximately 153 sec. The average performance between the time of

90 percent thrust and cutoff was 424.02 sec of specific impulse at a

thrust level of 229,585 ibf and a mixture ratio of 5.433. A total impulse

of 34.38 x 106 ibf-Bec was produced between engine start and engine cutoff

command.

6.2.2 Second Burn

The 2nd burn was initiated after the simulation of a three-orbit coast

was completed with LH2 boiloff of 3,150 ibm (paragraph 8.2.5). Average

performance from the time of 90 percent thrust to engine cutoff command was

427.09 sec of specific impulse at a thrust level of 212,447 ibf and a mixture

ratio of 5.135.

6.2.3 Engine Analysis

58

6.2.3.1 Start Transient (ist Burn)

The J-2 engine start transient was satisfactory. The LH2 lead (from engine

start to start tank discharge valve open) was 0.902 sec. The thrust buildup

to the 90 percent mainstage level (thrust chamber pressure at 618 psia)

occurred at ESC +3.564 sec. Figure 6-10 shows the thrust chamber pressure

during the start transient and the thrust buildup to the 90 percent main

stage level as determined by computer program F839. The impulse: developed

to the 90-percent-mainstage-thrust level was 202,543 ibfLsec, as compared

to the log book value of 153,500 Ibf-sec. The maximum observed rate of

thrust increase during the start transient was 6,470 Ibf/10 ms which occurred

at approximately ESC +i. I0 sec. This is within the maximum design limit of

40,000 ibf/10 ms. There was no thrust overshoot during the start transient.

Figure 6-11 presents the start transients of several engine parameters.

Conditions at the LOX•pump outlet were 14.9 deg subcooled at• engine start,

which was well above the minimum Rocketdyne recommendation of 3 deg.
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6.2.3.2 Start Transient (2nd Burn)

The J-2 engine start transient was satisfactory. The LH2 lead was 0.912

see. Thrust buildup to the 90 percent mainstage level occurred at ESC

+3.133 sec; Figure 6-12 shows the thrust chamber pressure during the start

transient and the thrust buildup to the 90 percent mainstage level as

determined by program F839. The impuise developed until the 90 percent

mainstage level was 160,785 ibf-sec, as compared to the log book value of

153,500 Ibf-sec. The maximum observed rate of thrust increase during the

start transient was 5,735 ibf/10 ms which occurred at approximately ESC

+1.6 sec. This was within the maximum design limitation of 40,000 ibf/10 ms.

There was no thrust overshoot during the start transient. Figure 6-13

presents the start transients of several engine parameters. Conditions at

the LOX pump outlet were 13.7 deg subcooled at engine start, which was

well above the minimum Rocketdyne recommendation of 3 deg.

6.2.3.3 Steady--State Performance (ist Burn)

The J-2 engine performance was satisfactory throughout the Ist burn. The

propellant loads were such that when the PU system was activated at ESC

+6.854 sec, the PU valve moved to the closed position and remained there

for the duration of the ist burn as planned. This mode of operation

was required in order to demonstrate ability to recharge the engine start

sphere in flight (paragraph 6.1.3). Plots of selected data used as inputs

to the engine performance computer programs ,are presented in figure 6-14

through 6-18.

In the closed position, the PU valve causes the engine to operat e at the

high mixture ratio with correspondingly high thrust. The chamber pressure

was 99 percent restabilized due to PU activation at ESC +15 sec and from

that time until cutoff (ESC +153.322 sec), the average engine thrust was _

230,479 Ibf. The average specific impulse and mixture ratio over the

same time period were 423.92 sec and 5.456, respectively. These values

agreed with the prediction within 0.07 percent for thrust, 0.02 percent

for specific impulse, and i_9 percent for mixture ratio. A summary of
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the overall ist burn average performance from 90 percent thrust to cutoff
is shownin the following table:

Parameter
i
! Thrust (lbf)

Total Flow (ibm/sec)

Mixture Ratio

Specific Impulse (sec)

Total Impulse (ibf-sec)

Value

229,585

541.47

5.433

424.02

34.38 x 106

Predicted

229,096

540.34

5.528

424.0

34.36 x 106

%Deviation

0.21

0.21

1.7

0. 005

0.08

All values mentioned in this paragraph can be described as site performance

with altitude thrust. Plots of the performance are shown in figure 6-19.

Thrust oscillations during Ist burn are presented in table 6-2. Time

period is reported for the PUfully closed operation. The magnitudes and
rates of thrust oscillations are within acceptable limits for all values.

The maximumdeviation between predicted and actual thrust.level during
first burn was a maximumof 1,000 ibf thrust.

6.2.3.4 Steady-State Performance (2nd Burn)

The propellant loads after the orbital coast s_ulation were such that at

PU activate (ESC +6.296 sec) the PU valve went to the closed position,

as planned, and remained there until ESC +75 sec. At this time the load

error signal was reduced to the minimum necessary to hold the valve closed

and the valve returned to null position at ESC +122 sec; thereafter, it

operated within 4 deg of the null position as predicted. It was predicted

that the valve would remain in the closed position until ESC +85 sec and

then return to the null at approximately ESC +145 sec; however, the flight

PU activate time (ESC +11.4 sec) was used for the prediction displacing the

predicted curve +5.1 sec; therefore, the true deviation between the actual

and the predicted was 4.9 sec. This deviation is well within the accuracy

limits of the present technique of predicting the acceptance PU valve

profile. The accurateCutback time is supported by very close agreement

of flow integral and indicated loads.

6O
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The J-2 engine performance was very satisfactory during the 2nd burn.

The performance level while the PUvalve was closed showedpractically

no deviation from the Ist burn performance, During this period the

average performance values were 230,787 ibf thrust, 5.532 mixture ratio

and 424.17 sec specific impulse. After the cutback the average performance

level to cutoff was 204.,336ibf thrust, $.986 mixture ratio, and 428.36 sec

specific impulse. Plots of selected data used as inputs to the engine

performance computer programs are presented in figures 6-20 through 6-24.
The overall 2nd burn performance level from 90 percent thrust to cutoff

(ESC+293.666) as comparedto the predicted is shownin the following
table:

Parameter Value Predicted %Deviation

Thrust (ibf)

Total Flow (Ib/sec)

Mixture Ratio

Specific Impulse (sec)

Total Impulse (ib-sec)

212,447

497.58

5.135

427.09

61,72 x 106

214,085

501.66

5.22

426.89

62.79 X 106

0.7

0.8

1.6

0.05

1.0

The above values are site performance at altitude thrust. Plots of the

performance profile can be seen in figure 6-25.

The 2nd burn was terminated by an observed LH2NPSHcutoff. Data near
cutoff indicated an impending LH2 depletion. An analysis of this

undesirable situation revealed that, as the LH2 level neared the suction

duct entrance, the temperature of the LH2 in the duct becameappreciably

higher than the temperature of the remaining bulk. The higher vapor

pressure associated with the high inlet temperature reduced the NPSHat

such a rapid rate that the LH2NPSHhad decreased below the minimumallowed

(6 psi) before cutoff could be initiated (paragraph 8.4.2). The effect

of the NPSHdropoff on the LH2 turbopumpwas the sameas an LH2 depletion

in that the pumpspeed inlet temperature increased rapidly. As the LH2

flowrate decreased, the mixture ratio increased in both the thrust chamber

and gas generator, causing high flame temperatures. The redline values

28 September1966

61



Section 6
Engine System

applicable in this case are a pumpoverspeed of 28,400 rpm and a GGtemper-

ature of 1,885 deg R; however, LH2 pumpspeed and GGtemperature, as indi-

cated by the LH2 turbine inlet temperature, were below these limits at

engine cutoff (26,600 rpm and 1,652 deg R).

Thrust oscillations during 2nd burn are shownin table 6-2. Time periods

are reported for the PU fully closed operation, PUvalve cutback +50 sec

to ECC-70 sec, and ECC-70 sec to engine cutoff. The magnitude and rates

of thrust oscillations are within acceptable limits for all values except

for the meanslope and maximumrate of change during the last 70 sec of

burn. Deviations from predictions in meanslope and maximumrate were due

primarily to variations in stage inlet conditions effects and differences

between actual and predicted PUvalve movement(paragraphs 6.4.10 and

11.6). The primary stage system effect other than PU system effect on

thrust oscillation deviation in rate and amplitude was due to the effect

of the variation in helium pressurant flowrate to the LOXtank. The in -_

fluence of helium pressurant on engine performance was not available at

the time predictions were generated for this acceptance firing.

The maximumdeviation between predicted and actual thrust level during the
hard over portion of 2nd burn was a maximumof 1,000 !bf thrust. The maxi-

mumdeviation during the active PUportion of the burn, disregarding the

cutback transient period, was a maximumof 3,000 Ibf thrust.

6.2.3.5 Cutoff Transient (ist Burn)

The time lapse between engine cutoff signal received at the J-2 engine and

• _the_thrust decay to 11,250 ibf was 780 ms, which is within the allowable

limit of 800 ms as specified by the engine data log book. The cutoff

impulse was 58,330 ibf-sec* (figure 6-26) which was slightly greater than

the 43,400 !6,780 ibf-sec value specified in the Rocketdyne Manual R-3885-I

for cutoff impulse with the PU valve at the full closed position (high EMR).

*It should be noted that cutoff impulse as calculated by measured chamber

pressure is suspected to be lagging up to 40 ms thereby making the cal-

culated impulse higher than actual. This problem has not been resolved

and is under study by the engine manufacturer.
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The increased cutoff impulse was due partly to the increased main LOX

valve closing time (paragraph 6.4.2). Figure 6-27 presents the thrust
chamberpressure data for the cutoff transient and the cutoff thrust to

the zero ibf thrust level as computedby program F839.

6.2.3.6 Cutoff Transient (2nd Burn)

The time lapse between engine cutoff signal received at the J-2 engine and

the thrust decay to 11,250 ibf was 705 ms, which was within the allowable

limit of 800 ms as specified in the engine data log. The cutoff impulse

was 49,405 ibf-sec* (figure 6-26) which was slightly greater than the

38,400 !6,000 ibf-sec value specified in the Rocketdyne Manual R-3825-I

for cutoff impulse with the PU valve at the null position. The increased

cutoff impulse was a result of the increased main LOX valve closing time

(paragraph 6.4.2). Figure 6-28 presents the combustion chamber pressure

data for the cutoff transient and the cutoff thrust to the zero ibf thrust

level as computed by program F839. It is noted that the cutoff signal

was initiated by observer action when the LH2 NPSH value decreased below

the minimum allowable limit (paragraph 8.4.2).

6.3 Engine Sequence

The J-2 engine start and cutoff were satisfactory for ist and 2nd burns.

All events occurred on a schedule that was compatible with the engine

logic and, with the exception of main LOX valve OPEN during 2nd burn start

and main LOX valve CLOSED during ist and 2nd burn cutoffs, fell within

tolerance limits as shown in table 6-3 and figures 6-Ii and 6-i3. The

main LOX valve opened slower during 2nd burn than during ist burn

(paragraphs 6.4.1 and 8.6.4.2). Since the environmental temperature was

approximately the same for both burns, the slower main LOX valve time

apparently was not caused by a_lower valve temperature during 2nd burn

start. The LOX pump discharge pressure, however, was higher during 2nd

burn start transient (figures 6-11 and 6-13), a condition which can result

*It should be noted that cutoff impulse as calculated by measured chmnber

pressure is suspected to be lagging up to 40 ms thereby making the cal-

culated impulse higher than actual. This problem has not been resolved

and is under study by the engine manufacturer.
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in a slower main LOX valve opening time. This condition was also present

during S-IVB-501 acceptance firing 2nd burn start and may be the result of

higher start tank energy levels during 2nd burn starts than during Ist

burn starts.

Hardware changes were made which updated the engine to the current pro-

duction configuration as closely as possible. Three changes affected

either the start or cutoff transients.

a. An orifice was installed in the gas generator valve to cause a

delay in the rise in LOX pump discharge pressure. This change

resulted in LOX valve opening times comparable to those recorded

for the S-IVB-501 Stage, which also had the gas generator orifice

change.

b. A temperature compensating (thermostatic) orifice was installed

in the main LOX valve second stage control cylinder to provide

a shorter main LOX valve opening time under cold environmental

conditions. This orifice may also have resulted in the slow

main LOX valve closing times during S-IVB-502 acceptance firing

ist and 2nd burn cutoffs.

c. A rapid shutdown valve was installed to provide fast venting of

the gas generator valve actuation cylinder, which in turn causes

a rapid closure of the gas generator valve. This resulted in

the reduction of gas generator flowrates prior to the closing of

the main LOX valve and thus decreases the possibility of a high

mixture ratio in the gas generator at cutoff.

6.4 Component Operation

6.4.1 Main LOX Valve (Ist Burn)

During ist burn, the main LOX Valve performed adequately and met nominal

opening time specifications for a 70 deg F dry valve (table 6-4). Total

closing time was approximately 30 ms longer than speclfied but did not

contribute to any significant reduction in cutoff transient performance.

!

t
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6.4.2 Main LOX Valve (2nd Burn)

The main LOX valve (MOV) ist stage travel and plateau times during valve

opening were acceptable but 2nd stage travel opening time exceeded the

nominal time specification for a 70 deg F dry valve by approximately 150 ms

(table 6-4). The MOV total opening time was longer than expected because

more time was required to develop sufficient actuator pressure to move the

valve at a time when LOX pump discharge pressure was higher than expected

(paragraph 6.3 and figure 6-13). Total closing time for 2nd burn was

within specification.

6.4.3 LH2 Pump (ist Burn)

Both LH2 pump inlet and outlet histories were nominal and pump performance

was considered satisfactory. The temperature differential across the pump

was essentially constant. LH2 pump discharge pressure responded to normal

system fluctuations. LH2 pump speed was satisfactory and agreed within

40 rpm of predicted (paragraph 6.1.2). Figure 6-4 illustrates the discharge

pressure vs discharge flow relationship during critical stall period.

6.4.4 LH2 Pump (2nd Burn)

LH2 pump performance during 2nd burn was satisfactory. LH2 pump speed,

pressures, and temperatures responded to PU system cutback and normal

stage inlet conditions and perturbations (paragraph 6.1.2). Figure 6-5

illustrates the discharge flow relationship during critical stall periods.

It should be noted that 2nd burn was terminated by an observer cutoff due

to an expected minimum NPSH condition at the LH2 pump inlet.

6.4.5 LOX Pump (Ist Burn)

LOX pump performance was satisfactory during ist burn. Pump speed was

approximately 70 rpm lower than predicted. Temperature differential across

the pump was constant.
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6.4.6 LOX Pump (2nd Burn)

LOX pump performance was satisfactory for 2nd burn with the exception that

LOX pump discharge pressure during start was higher than expected. This

delayed main LOX valve opening (paragraph 6.3 and figure 6-13). LOX pump

speed, pressures, and temperatures responded to PU system cutback and

perturbations.

6.4.7 Turbines (ist Burn)

Performance of both LOX and LH2 turbines was satisfactory. No temperature

spikes of LH2 turbine inlet temperature (GG chamber temperature) occurred

during engine start or cutoff. Temperature and pressure drops across both

turbines exhibited nominal values.

6.4.8 Turbines (2nd Burn)

During 2nd burn both LOX and LH2 turbines exhibited nominal expected

performance. Pressures and temperatures for both turbines responded as

expected to PU system cutback and perturbations. No unsatisfactory

temperature spikes of LH2 turbine inlet temperature occurred during engine

start or cutoff.

6.4.9 PU Valve (ist Burn)

During Ist burn, the PU valve was in the high EMR position, and performance

was considered to be satisfactory. The PU valve inlet and outlet pressures

reflected normal variations in the LOX pump inlet and discharge pressure.

Pressure drop across the PU valve during Ist burn was essentially constant

due to the fixed PU valve position.

6.4.10 PU Valve (2nd Burn)

PU valve performance was satisfactory during 2nd burn. After PU valve

cutback, the pressure drop across the valve did not remain constant and a

maximum AP of 672 psi occurred. During PU system activation, PU valve

inlet pressure (which is slightly lower than LOX pump discharge pressure) _

responded more severely to PU valve travel than the PU valve outlet pressure.

The dampening effect of the PU valve resistance and associated lines account

28 September 1966
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for the PUvalve outlet pressure response characteristics. The time at
which PUvalve cutback occurred (ESC+75 sec) did not agree with the

predicted time of ESC+85 sec due to propellant loading error, PU system
nonlinearities and calibration effects (section ll).

6.4.11 Gas Generator (ist Burn)

First burn gas generator (GG) performance was adequate; however, the total

opening time of the gas generator valve exceeded the maximum recommended by

approximately 40 ms, whereas total closing time was within specifications.

GG chamber pressure responded to small changes in LH2 and LOX pump discharge

pressures. Total GG flowrate during ist burn was essentially constant

(figure 6-29).

6.4.12 Gas Generator (2nd Burn)

During 2nd burn, gas generator chamber pressure and total flowrate

(figure 6-30) responded to PU system cutback and perturbations. Gas

generator overall performance was adequate during 2nd burn but once again

total opening time of the gas generator valve was longer than expected.

The recommended total opening time was exceeded by approximately 50 ms;

total closing time was satisfactory,

28 September ].966
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SECTION

First Stage
Travel

First Stage
Plateau

Second Stage

Travel

TABLE 6-4

MAIN LOX VALVE OPENING TIMES

*NOMINAL

TIME

(ms)

50 +25

480 +120

1,825 +75

ist

BURN

60

540

(ms)

DEVIATION

FROM NOMINAL

(ms)

i0

60

2nd

BURN

70

57O

(ms)

1,890 65 2,110

DEVIATION

FROM NOMINAL

(ms)

20

90

225

Total 2,855 +__220 2,490 135 2,750 395

*These nominal times are based on a "dry" valve at 70 deg F.
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OXIDIZER SYSTEM

The oxidizer system performed adequately, supplying LOX to the engine pump

inlet within the specified operating limits during ist and 2nd burn. The

available NPSH at the LOX" pump inlet exceeded the engine manufacturer's

minimum requirement at all times.

The LOX recirculation system operated normally during both Ist and 2nd

start engine pump conditioning. The tank pressurization system performance

was adequate.

7.1 Pressurization Control and Internal Environment

The pressurizatioD system (figure 7-1) satisfactorily maintained pressure

in the LOX tank during ist and 2nd burns.

7.1.1 First Burn

7.1.1.1 Prepressurization

LOX tank prepressurization was initiated at ESC -674 sec and increased the

LOX tank ullage pressure from ambient to 40.3 psia within 19 sec (figure 7-2).

One makeup cycle was required to maintain the LOX tank ullage pressure before

the ullage temperature stabilized. The pressurization control pressure

switch controlled the pressure between 38.5 and 41.0 psia. After the

makeup cycle, the ullage pressure began to decrease until the ambient

helium purge of the LOX tank vent valve overcame the ullage collapse at

approximately ESC -620 sec and increased the ullage pressure to 41.8 psia,

at which time the relief valve activated. Following the cessation of

the ambient purge at ESC -511 sec (simulated liftoff), the pressure slowly

decreased, stabilizing between 37.5 and 37.0 psia for the remainder of

simulated boost. During prepressurization, the ullage temperatures

responded in a manner similar to that of previous acceptance firings.

Significant prepressurization data are presented in table 7-1.

The pressurization flowrates were calculated from temperature and pressure

data _btained immediately upstream of the prepressurization control orifice.

The flowrate was determined to vary from 0.27 to 0.37 ibm/sec; the quantity

of helium added to the LOX tank ullage was calculated to be 6.1 ibm. The

makeup cycle contributed an additional 0.57 Ibm, giving a total helium mass

in the LOX tankullage of 6.67 ibm at the end of the makeup cycle. The

28 September 1966
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flowrate was less than on the S-IVB-501 stage because the prepressurization

orifice was changed to one with a muchsmaller area (0.0069 in. 2 vs
0.0182 in.2).

7.1.1.2 Pressurization

The LOX tank ullage pressure was 36.8 psia at Engine Start Command

(figure 7-3), satisfying the engine start requirements (figure 7-4). During

the start transient, the ullage pressure momentarily increased then decreased

to a minimum of 33.8 psia before the pressurant flowrate became large

enough to increase the ullage pressure. The first overcontrol cycle was

terminated by the pressure switch when the ullage pressure reached 39.8 psia.

The ullage then cycled between 38.0 and 39.7 psia for the remainder of the

firing.

Three cycles were required to maintain the ullage pressure above 38.0 psia.

The pressure switch operating limits were within the S-IVB/V limits of

38 to 41 psia.

The ullage temperatures showed a stratified profile similar to those noted

during the S-IVB-501 stage acceptance firing.

The pressurization total flowrate varied from 0.'38 to 0.40 ibm/sec during

overcontrol, and from 0.26 to 0.28 ibm/sec during undercontrol. The variation

in total flowrate was caused by a variation of the bypass flowrate and is the

normal result of the bypass orifice inlet temperature following the cold

helium sphere temperature. The flowrates noted were very similar to those

of the S-IVB-501 stage acceptance firing.

The collapse factor reached a maximum of 1.40 at ESC +125 sec and then

remained essentially constant until engine cutoff. The collapse factor

stabilized because the temperatures of both the pressurant and the ullage

stabilized. Since the pressurant was at a higher temperature, it continued

to collapse as it entered the LOX tank.

7.1.1.3 LOX Tank Pressurization Control Module

The LOX tank pressurization control module outlet temperature (figure 7-3)

was calculated from the J-2 heat exchanger outlet temperature with correction

factors obtained from previous test data. It decreased rapidly after

ii0
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Engine Start Co_mardasthe module cooled. The temperature then slowly

cycled between 45 and 60 deg R in response to the overcontrol and undercontrol
cycles. This temperature was used to calculate the flowrate of the helium

/

bypassing the heat exchanger.

The module outlet pressure data were invalid, and the necessary data were

simulated using the heat exchanger outlet pressure (D0161) and correction

factors obtained from previous test data. During undercontrol and overcontrol

operation, this pressure operated at 425 psia and 390 to 400 psia,

respectively, which compares well with previous acceptance firing results of

the S-IVB/IB and S-IVB/V .stages.

7.1.i.4 Cold Helium Supply

At sinmlated liftoff, the cold helium sphere conditions were 3,280 psia and

an average temperature of 41 deg R (figure 7-5). By Engine Start Command, the

sphere pressure and temperature decreased to 3,200 psia and 40 deg R. Calcu-

lations indicate that no mass loss from leakage occurred during the simulated

boost period.

During engine firing, the sphere pressure decreased to 1,670 psia and

the temperatures in all the spheres decreased to an average of 31.5 deg R.

The temperature in sphere 4 was not valid.

Calculations using the cold helium sphere temperature and pressure conditions

indicate that the spheres were loaded with 345 ibm of helium at Engine Start

Command. A summation of helium flowrates, calculated from the control

orifice temperature and pressure conditions, indicates a consumption of

approximately 50.2 ibm for LOX tankpressurization as compared with

50.4 lbm used for LOX tank pressurization for S-IVB-501.

7.1.1.5 J-2 Heat Exchanger

The J-2 heat exchanger operation data and performance calculations are

presented in figure 7-6. Pressure and temperature levels were generally as

expected and were very consistent with those noted during the S-IVB-501

acceptance firing.

The maximum LOX tank vent inlet temperature was 550 deg R, and ocnurred during

the initial overcontrol oReration. This was slightly higher than the predicted

maximum temperature for this parameter.

28 September 1966
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The LOXdiffuser temperature followed the LOXvent inlet temperature but

was 30 to 50 deg R higher than the predicted maximumlevel.

Figure 7-6 also compares the LOXtank vent inlet temperature and the

theoretical gas mixture temperature (the temperature that would be obtained

by completely mixing the cold bypass gas and the hot gas from the J-2 heat

exchanger, neglecting heat transfer with the line wall). This comparison

gives an indication of the heat transfer to or from the pressurization lines

between the mixing point and the LOXvent inlet. Heat losses in the vent

line and the LOXbulk are also presented in figure 7-6.

7.1°.2 SecondBurn

7.1.2.1 Prepressurization and Repressurization

LOX tank prepressurization was initiated from the GSE supply at ESC -700 sec

with the LOX tank vent valve opened in order to eliminate the usual warm

gas that enters the tank during the first period of flow (figure 7-7). At

ESC -630 sec the vent valve was closed and the tank pressure was increased

to 32 psia. Prepressurization was shut off and it was hoped that the

pressure would stabilize at or very near this value; however, the pressure

immediately started to decrease as it did during prepressurization of the

S-IVB-501 stage. By ESC -323 sec the pressure had reached 26 psia and the

repressurization sphere system was activated. The system orifices had been

sized to simulate the expected operational characteristics of the LOX/LH2

burner. The repressurization system served only to halt the LOX tank ullage

pressure decrease and did not, as expected, increase the ullage pressure.

A_ ESC L280 sec the gr0und prepressurization'system wag reactivated to

increase the ullage pressure to 35 psia. At ESC -145 sec the ground

pressurization system was again activated to furthen increase the pressure to

37 psia. By Engine Start Command, the ullage pressure had decreased to

35 psia. This was i psi less than the desired minimum start pressure.

The prepressurization flowrate varied from 0.45 to 0.35 ibm/sec, and a total

of 52.5 ibm of helium were added to the ullage during the three pressuriza-

tion cycles. The prepressurization flowrate was higher than that prior to

ist burn because the GSE supply system was precooled by the 60-sec flow to
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the LOX tank (while the tank vent valve was open); therefore, the supply

orifice temperature was 20 deg lower than encountered during Ist burn

prepressurization.

Repressurization was initated at ESC -325 sec and terminated at Engine Start

Command (figure 7-7). During this period, 10.25 Ibm of helium were added to

the LOX tank ullage from the repressurization spheres.

During the attempted repressurization, the sphere pressure dropped from

3,090 psia to 1,220 psia at engine start, with comparable temperatures of

526 and 463 deg R. At Engine Start Command, the ullage contained 63.25 Ibm

of helium, and the ullage pressure was 35 psia.

7.1.2.2 Pressurization

The LOX tank ullage pressure at 2nd Engine Start Command was at 35 psia,

which was less than desired; however, no adverse effects were noted. During

this 293-sec firing, the secondary flow was activated three times

(figure 7-8), and i05 ibm of helium were added to the ullage, as compared with

approximately 93 ibm used by S-IVB-501.

The secondary flow was activated at Engine Start Command as the ullage pres-

sure was 35 psia. The pressure decreased•slightly and reached a minimum of

34.6 psia before the pressure and temperature transients of the system

stabilized and the pressurant flowrate increased enough to cause the ullage

pressure to rise. This is the normal reaction of the ullage pressure during

the start transient. The ullage pressure then cycled between 38.0 and

39.8 psia for the duration of the firing. This agrees with the control band

range obtained during the ist burn. ....

The pressurization cycles were increasingly further apart as the firing

progressed, with the last overcontrol period starting at ESC +260 sec. This

has been noted On previous S-IVB/IB acceptance firings and is the result of

the decrease of pressurant collapse, requiring less gas to maintain the ullage

pressure.

In this firing, as in previous acceptance firings, the ullage• temperatures

presented a stratified profile.

The pressurization total .flowrate varied from 0.4 to 0.41 ibm/sec during

overcontrol and was 0.28" ibm/sec during undercontrol. Variations in total
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flowrate were caused by the variation of the bypass orifice inlet temperature

which changes as the cold helium sphere temperature changes and is a normal

characteristic. Predicted total flowrates were 0.38 to 0.39 ibm/sec during
/

overcontrol and 0.23 to 0.25 Ibm/sec during undercontrol.

The collapse factor reached a maximum of 1.6 at ESC +120 sec, then decreased,

reaching 1.45 at engine cutoff. This decrease of the collapse factor was

caused by the decreasing spread between the ullage and incoming pressurant

temperatures.

7.1.2.3 LOX Tank Pressurization Control Module

The LOX tank pressurization control module outlet temperature was obtained by

correcting the heat exchanger inlet temperature using relationships from

other acceptance firing data. This temperature (figure 7-8) was used to

calculate the flowrate of the helium bypassing the heat exchanger.

The pressurization module outlet pressure data were invalid; therefore, the

history of this pressure was constructed by using the heat exchanger outlet

pressure (D0161) and relationships derived from previous acceptance firings.

This pressure displayed its normal start transient and operating character-

istics. A maximum operating pressure of 430 psia was reached during the

final undercontrol cycle. Although this pressure was slightly outside the

design band of 400 +--25psia as measured at the plenum chamber exit, it had

no adverse effect on the pressurization system operation.

7.1.2.4 Cold Helium Supply

The cold helium temperature and pressure conditions indicated that 281.8 ibm

helium were in the spheres at 2nd Engine Start Command. This compares

with 295.2 Ibm at the end of 1st burn, or approximately 13.4 ibm helium

unaccounted for as leakage or as computational errors resulting from data

inaccuracies. During the firing, the spheres cooled as the helium was used

to pressurize the tank and then warmed as they became uncovered. The sphere

temperatures decreased normally, with the No. 5, 3, 2, and 1 spheres dropping

to 46.5, 40, 34.5, and 33 deg R, respectively, at ESC +150 see (figure 7-9).

The sphere pressure was 1,090 psia at engine cutoff.

A summation of helium flowrates calculated from temperature and pressure
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conditions at the control orifice indicated a consumption of approximately

105.5 ibm helium.

7.1.2.5 J-2 Heat Exchanger /

The J-2 heat exchanger inlet temperature began to decrease immediately after

engine start as the line was being cooled. The temperature decreased to

Ii0 deg R at ESC +32 see and stabilized at 75 deg R during overcontrol ana

90 to 95 deg R during undercontrol (figure 7-10). During the start transient,

the heat exchanger outlet temperature increased to 970 deg R by ESC +90 sec,

decreased to 930 deg R at EMR cutback, tha_ cycled between 900 and 965 deg R

for the duration of the" firing.

For the ambient conditions registered during 2nd burn, the temperature loss

between the heat exchanger outlet and the transducer was estimated to be

17 deg R during overcontrol and 45 deg R during undercontrol. Applying

these corrections to the heat exchanger temperature results in close

agreement with predictions.

The heat exchanger outlet pressure alternated between 350 and 420 psia during

overcontrol and undercontrol, respectively, and was very similar to that noted

during both the Ist burn of this stage and the S-IVB-501 acceptance firing.

The flow through the heat exchanger was relatively constant at 0.21 ibm/sec

during overcontrol and 0.075 ibm/sec during undercontrol. The LOX tank vent

inlet pressure reflected the cycling and averaged 47 psia during undercontrol

and 64 psia during overcontrol (the same as ist burn). A maximum vent

inlet temperature of 540 deg R occurred during overcontrol. Figure 7-10

compares the vent inlet temperature and the theoretical gas mixture tempera-

ture and gives an indication of the heat transfer to or from the line between

the mixing point and the vent inlet. The data show that the system was

stabilized after ESC +ii0 sec.

The LOX diffuser temperature continued to increase during the initial

extended period of overcontrol operation and reached a maximum of 460 deg R

at the end of the first overcontrol cycle. The data show that the minimum

temperature during undercontrol was 310 deg R. Figure 7-10 shows the

heat lost by the pressurant helium to the LOX bulk as it was flowing through

the LOX tank vent line. -The Changing slope of the top of the data trace
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shows the effect of the decreasing LOXhead and the heat loss. The calcula"

tions of the energy entering the LOXtank ullage, based on the diffuser

temperature, was approximately 225 Btu/sec during overcontrol and II0 Btu/sec

during undercontrol. /
s'

7.2 Oxidizer System Conditions During Simulated Orbit

7.2.1 Cold Helium Spheres

The cold helium sphere conditions at Ist burn engine cutoff were as shown

in figure 7-5. All of the sphere temperatures were appreciably lower than

the LH2 bulk temperature because of cooling during the cold helium usage

of ist burn. At engine cutoff, helium consumption from the spheres ceased

and the temperatures immediately started to increase toward the bulk

temperature. Spheres 4 and 5, being in the warmer ullage gas above the LH2,

warmed to a higher temperature. Figure 7-11 shows a normal temperature and

pressure profile from engine cutoff until ECC +3,100 sec. The sphere pres-

sure started to decrease from its maximum of 2,350 psia as the ullage

temperatures suddenly decreased when the tank was vented and the maximum

ullage temperatures became less than the highest sphere temperature. The

sphere pressure then remained relatively constant until 2nd burn Engine

Start Command.

At ECC +1,500 sec, LH2 boiloff lowered the surface level of the LH2

sufficiently to partially expose spheres 3 and 6 which caused these two

temperatures to show a slight, continuous increase for the duration of the

simulated orbital coast (sphere 3 temperature only was recorded). Just

prior to prepressurization for 2nd burn, the sphere p_essuKe was stabilized

to 2,240 psia. The sphere temperatures at Engine Start Command were 39.5,

39.5, 51, and 58 for spheres i, 2, 3, and 5, respectively.

7.2.2 LOX Tank Ullage Pressure During Simulated Orbit

The LOX tank ullage pressure was 38.0 psia at ist burn engine cutoff. It

decayed, then increased to 35.5 psia at ECC +650 sec at which time the tank

vent valve Was opened (figure 7- 12. The pressure dropped to 17.7 psia

within i0 to 15 sec and slowly decayed to 15.5 psia at ESC +1,500 sec when

it stabilized.
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During the LOX tank blowdown, the ullage temperatures dropped from

240 - 270 deg R to 160 - 180 deg R within 1,200 sec of the LOX tank vent

actuation and then slowly decreased to the saturation level (approximately

164 deg R) at ECC +2,000 sec. The LOX tank vent remained open with stable

temperature and pressure conditions in the tank until prepressurization prior

to the 2nd engine firing.

7.3 LOX Pump Chilldown

The LOX pump chilldown system performance satisfactorily met the engine inlet

start conditions for both firing operations.

7.3.1 First Burn

At Engine Start Command the pump inlet conditions of 44.8 psia and 165.4 deg R ,

were sufficient to produce an NPSH of 27.6 psi which was well above the

minimum requirement of 16.5 psi (figure 7-13).

During loading, the prevalve and gas generator bleed valve were open and

allowed LOX to enter the system and cool the engine LOX turbopump and the

circulation system before the chilldown pump was started. Recirculation

chilldown was started approximately 45 sec before initiation of tank pre-

pressurization and was terminated shortly before engine start when the pre-

valve was commanded open, with the chilldown pump still running, to remove

any bubbles that may have collected under the prevalve during chilldown.

EVENT TIME FROM ESC (sec)

Prevalve Open Command

Prevalve Closed Signal Dropout

Prevalve Open Signal Pickup

Chilldown Shutoff Valve Closed

Chilldown Pump Stopped

•i3.13

-2.19

-0.91

-0.571

-0.88

The pump inlet and return line pressures followed the cycling ullage pressure

during chilldown. When the prevalve was opened, the chilldown-Nump-developed

head decreased to a small value while the flowrate increased because
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essentially all the flow returned to the tank through the open prevalve.

The pump inlet pressure decreased at this time because of the loss of

chilld0wn-pump-developed pressure. The chilldown system fluid temperatures

decreased during the initial minute of chilldown, then remained relatively

constant until prepressurizatlon at which time the temperature increased

because of bulk heating.

During the entire chilldown period the LOX was subcooled throughout the

reclrculation system. The chilldown flowrate was 38.7 gpm before prepressuri-

zation and 40.9 gpm afterwards, with a frictional pressure drop of 8.4 psi

through the system. During pressurized chilldo_m, the system flow coefficient

was 14.4 sec2/in.2ft3 which was approximately the same as that found in

previous acceptance firings.

The NPSH at the turbopump inlet increased from 4.7 to 13.4 psi when the

chilldown pump was started and remained constant until prepressurization was

initiated. The NPSH then increased a maximum to 41..2 psi and varied directly

with the ullage pressure until the prevalve was opened and caused it to drop

from 36.0 to 27.4 psi.

The heat input rate from the tank to the turbopump inlet (section i), from

the pump inlet to the bleed valve (section 2), and from the bleed valve to

the tank inlet (section 3) decreased rapidly during the first minute of

chilldown and then remained relatively constant during the subsequent

chilldown process (figure 7-14). The heating rates are comparable to those

of previous acceptance firings and were as follows during steady-state pres-

surized chilldown:

SECTION HEAT INPUT RATE (Btu/hr)

2,906

13,600

4,400

Total 20,900

7.3.2 Second Burn

At engine start, the pump inlet pressure was 40.2 psia and the temperature
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was 165.4 deg R (figure 7-15). The NPSH at engine start was 22.8 psi,

satisfying the minimum acceptable limit of 16.5 psi.

After ist burn engine cutoff, the prevalves were closed. "Except for valve

cycling approximately 60 sec after cutoff, they remained closed for approxi-

mately 3,000 sec during the simulated orbital coast period. During this

time, the feed ducts were purged with helium to remove the propellants from

the recirculation system. After 3,000 sec the prevalves were opened to allow

propellants into the system and partially chill the engine turbopumps before

the recirculation was initiated.

The recirculation chilldown pump was started approximately 90 sec before

initiation of tank prepressurization.

EVENT TIME FROM ESC (sec)

Prevalve Open Command

Prevalve Closed Signal Dropout

Prevalve Open Signal Pickup

Chilldown Shutoff Valve Closed

Chilldown Pump Stopped

-3.14

-2.12

-0.91

-0.61

-0.82

The chilldown system fluid temperatures decreased during the first minute of

chilldown, then remained relatively constant until prepressurization. The

temperature increased slightly after prepressurization because of LOX bulk

heating.

During the chilldown process the LOX was subcooled throughout the entire

recirculation system. When the chilldown pump was started, the flowrate

immediately increased to a value of 38.6 gpm as liquid was pumped into the

system (figure 7-]5). After the initiation of prepressurization the flowrate

rapidly attained its steady-state value of 40.9 gpm. The chilldown frictional

pressure drop was 6.65 psi prior to prepressurization and 7.71 psi after pre-

pressurization. The flow coefficient was 13.27 sec2/in.2ft 3 (figure 7L16),

which was comparable to that calculated for the ist burn.

When the chilldown pump was started, the NPSH at the turbopump inlet increased

from 0.30 to 14.04 psi and remained constant until prepressurization occurred.
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The NPSH then increased to 29.1 psi and varied directly with the ullage

pressure until the prevalve was opened causing the NPSH to drop from 31.8

to 22.8 psi as a result of the decrease in pump inlet pressure.

The heat input rates for the three sections were computed as for the ist burn

operations. The system temperature responses were very similar although the

input rates were higher, as noted in the following table.

1st BURN INPUT 2nd BURN INPUT
SECTION

RATE (Btu/hr) RATE (Btu/hr)

1

2

3

2,900

13,600

4,400

4,110

24,570

6,120

Total 20,900 34,800

The difference between heat input rates during ist and 2nd burn chilldown

was due to the difference in preconditioning of the recirculation system.

Because of the helium purge and subsequent relatively short contact between

propellant and hardware prior to recirculation, the latent heat remaining in

the hardware at the start of 2nd burn chilldown was greater than it was with

Ist burn chilldown.

120

The LOX supply system (figure 7-17) delivered the necessary quantity of LOX

to the engine pump inlet throughout the ist and 2nd burns and maintained

the pressure and temperature conditions within a range that provided a LOX

pump NPSH above the minimum requirements of 20.2psi at high EMR and

14.3 psi after EMR cutback. The minimum available NPSH noted was 17.5 psi

which occurred at 2nd burn engine cutoff.

7.4.1 First Burn

The LOX pump inlet pressure and temperature were 44.6 psia and 165.5 deg R

at engine start. The pressure decreased to 36.4psia during the Start '

transient (figure 7"18), then cycled with ullage pressure. It varied between

39.0 and 41.4 psia while generally decreasing with time as the LOX in the
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tank was consumed, resulting in a decreasing liquid head. The LOX

temperature at the pump inlet was 164.7 deg R after the start transient and

increased slightly with bulk heating to 165 deg R at engine cutoff.

The available NPSH at the LOX pump inlet increased sharply from 26.5 to

28.7 psi just after engine start as the pump inlet pressure increased from

44.6 to 46.5 psia. It then decreased to a minimum of 22.0 psi during the

start transient. The NPSH then cycled with the ullage pressure while

generally decreasing with time because of the decreasing liquid head and

increasing bulk temperature. At engine cutoff, the NPSH was 24.7 psi.

The average frictional pressure drop in the LOX suction duct at the

high EMR during the ist burn was calculated to be 2.6 psi at a

flowrate of 462 ib/sec. This pressure drop was within the range of

values calculated from previous acceptance firings.

When the LOX pump inlet pressure and temperature were plotted in the engine

LOX pump operating region (figure 7-19), they indicated that the engine LOX

pump inlet conditions were met satisfactorily throughout the ist burn

engine firing. The trend of the pump inlet temperature, when plotted against

the mass remaining in the LOX tank during engine operation (figure 7-20), was

very similar to that previously noted during the S-IVB acceptance firing.

7.4.2 Second Burn

Operation of the LOX supply system during the 2nd burn was also satisfactory.

The LOX pump inlet static pressure was 40 psi at engine start (figure 7-21)

and decreased to 35.5 psia at ESC +30 sec. The pressure then, as during

the ist Burn, cycled with the ullage pressure between 37.4 and 40.3 psia

while generally decreasing with time as the LOX in the tank was consumed.

The pressure at engine cutoff was 37.8 psia. The LOX temperature at the pump

inlet was 164.5 deg R after the start transient, and increased with bulk heat-

ing to a maximum of 169.5 deg R at engine cutoff.

The available NPSH at the LOX pump inlet was 22.6 psi at engine start. It

cycled with ullage pressure during the firing _hile generally decreasing

because of decreasing L0X head and increasing LOX bulk temperature. By

engine cutoff, the NPSH had decreased to a minimum of 17.5 psi which was

well above the allowable minimum of 14.3 psi for that period of time.
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The average frictional pressure drop in the LOXsuction duct was 2.3 psi
during high EMRoperation at a LOXflowrate of 462 ib/sec. After EMRcut-

back, the pressure drop decreased to 1.65 psi at the LOXflowrate varied

between 393 and 408 lb/sec. /

When the LOX pump inlet pressure and temperature were plotted in the engine

LOX pump operating region (figure 7-22), they indicated that the engine LOX

pump inlet operating conditions were met satisfactorily throughout the

2nd burn engine operation. The LOX pump inlet temperatures as a function

of the mass remaining in the LOX tank are also shown in figure 7-20.

122
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TABLE7-1
LOXTANKPREPRESSURIZATIONDATA

ITEM UNIT

Prepressurization Initiation (sec from ESC)

Prepressurization Completion (sec from ESC)

Prepressurization Elapsed Time (sec)

GOXat Start of Prepressurization (ibm)

GOXat Start of Prepressurization (moles)

Helium Added during Prepressurization (ibm)

Helium Addedduring Prepressurization (moles)

Helium Mass in Ullage (percent)

GOXMass in Ullage (percent)

-674

-655

19

25

O. 78

8.75

2.2

25.9

74.1
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Figure 7-I. LOX Tank Pressurization System
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. FUEL SYSTEM

The fuel system supplied LH2 to the engine as designed with the available

NPSH exceeding the engine manufacturer's requiremeuts until 2nd burn cutoff.

The overall system performance closely followed the analytical performance

predictions and was consistent with previous acceptance firing results.

8.1 Pressurization Control and Internal Environment

The LH2 tank pressurization system (figure 8-1) satisfactorily accomplished

prepressurization, ist burn GH2 pressurization, repressurization, and 2nd

burn GH2 pressurization.

8.1.1 First Burn

8.1.1.1 Prepressurization

Prepressurization was initiated at ESC -624 sec. The LH2 tank ullage

pressure at this time was 15.3 psia, as indicated by LH2 tank ullage

measurement D0177 (figure 8-2). The ullage pressure was increased to 33.6

psia at ESC -583 sec, at which time the ground fill ullage pressure switch

terminated pressurization. Ullage heating caused the usual pressure rise

to tank relieving pressure. The pressure increased beyond the vent and

relief valve setting and the backup vent valve was actuated. The valve

cycled three times before the vent and relief valve opened and controlled

the ullage pressure at 36.2 psia from ESC -390 sec until Engine Start

Command. During prepressurization, 17.4 ibm of helium were added to the

ullage volume. Significant LH2 tank prepressurization data are summarized

in table 8-1.

8.1.1.2 Pressurization

The LH2 tank ullage pressure decreased from 36.0 psia at Engine Start

Command to 28.7 psia at engine Cutoff. The injector tap-off pressure

(DO013) and the GH2 pressurization module inlet pressure (D0104) were 865

psia and 845 psia, respectively_ after their start transients. These values

are within the ranges stated in the J-2 engine manual performance data for

the LH2 tank pressurization of 810 to 900 psia. The injector temperature

(C0200) was approximately 185 deg R, and module inlet temperature (C0231)

stabilized at 192 deg R.

28 September 1966
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The LH2 tank inlet temperature was approximately 185 deg R. These values

are consistent with results of previous acceptance firings. The collapse

factor based on this temperature increased from 0.90 at ESC +I0 sec to 1.15

at engine cutoff. This is a reflection of the effect of the nylon bag

inlet diffuser on ullage conditions. A similar effect was noted during the

S-IVB-501 acceptance firing. The nylon bag diffuser resulted in a lack of

warm pressurant impingement on the saturated liquid surface. The boiloff

during burn was negligible. The GH2 added to the ullage during burn was

75.69 ibm.

The ullage temperature trends were similar to S-IVB-501 and are presented

in figure 8-3. The 90 to I01 percent level probe data asymptoted to

approximately 190 deg R and 207 deg R respectively. Ullage conditions

during ist burn are summarized in figure 8-3.

8.1.2 Second Burn

8.1.2.1 Repressurization

LH2 tank repressurization was initiated at ESC -322 sec at an ullage pres-

sure of 15.5 psia. The tank ullage pressure continued to rise to 28.0 psia

at ESC -124 sec. At that time it was necessary to use auxiliary pressur-

ization due to the slow pressure rise in the tank.

At approximately ESC -112 see, repressurization was continued until the re-

pressurization pressure switch closed the repressurization valve at ESC -43

see. During repressurization, 40.5 ibm of helium were added to the LH2

ullage which raised the pressure to 32.9 psia. At Engine Start Command,

the ullage pressure was 33.1 psia. Repressurlzatlon system operation and

LH2 tank ullage conditions prior to engine start are summarized in figure

8-4.

The helium flowrate during repressurization was computed from the temperature

and pressure in the repressurization spheres. The fluctuating sphere tem-

perature is responsible for the oscillatory flowrate which is presented in

figure 8-4. Ambient helium was supplied from the seven repressurization

spheres at a rate varying from 0".55 to 0_i ibm/sec. Sphere temperatures

and pressure rapidly decreased until repressurization was complete, at which
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time the sphere temperatures increased, approaching ambient conditions at

engine start. The pressure increased from 1,030 psia to 1,090 psia.

8.1.2.2 Pressurization

The GH2 pressurization system operation (figure 8-.5)reflects the same

effects noted during ist burn. The LH2 tank ullage pressure decreased

from 33.5 psia at engine start to 31.0 psia at ESC +143 sec. At 31.0

psia, the pressurization module began control mode operation, continuing

until engine cutoff when the ullage pressure was 32.8 psia.

Until EMR cutback (ESC -90 sec), 2nd burn operation was nearly identical

to Ist burn. The injector tapoff port and module inlet pressures

stabilized at 865 psia and 845 psia, respectively. At approximately

ESC +90 sec, these pressures began to reflect the EMR cutback by approach-

ing new lower levels: injector tapoff port pressure of 750 psia and pres-

surization module inlet pressure of 730 psia.

The tank inlet temperature was approximately 195 deg R until ESC +90 sec

and 165 deg R until engine cutoff.

The injector temperature was 280 deg R unt_l ESC +90 sec, and 175 deg R

from that time until engine cutoff. The GH2 pressurization module inlet

temperature similarly was 195 deg R until it decreased to 175 deg R as an

effect of the cutback. These changes in levels of operation during EMR

variation are consistent with previous acceptance firing data. The

collapse factor based on this temperature varied from 0.98 at ESC +i0 sec

to 0.85 at engine cutoff. Pressure and temperature data from the GH2

pressurization system and the pressurant flowrate during 2nd burn appear

in figure 8-5. The GH2 added to the ullage during burn was 161.8 ibm;

this agrees with the prediction. Boiloff during 2nd burn was negligible

as during ist burn.

8.2 LH2 Tank Vent and Relief Operation

8.2.1 LH2 Tank Relief Valve Operation

The vent and relief valve did not open during Ist burn prepressurization

when the vent and relief setting was reached. The pressure continued to

28 September 1966
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increase to 37.8 psia where the backup relief valve was actuated. It

cycled three times before the vent and relief valve opened and controlled

the ullage pressure to 36.2 psia. The valve was replaced after the firing.

8.2.2 Vent Operations During Simulated Orbital Coast

Predictions of ambient heating of the LH2 tank indicated that the continuous

vent system (CVS) would not allow sufficient flow under atmospheric back

pressure conditions to maintain the ullage pressure below the nominal

orbital pressure of 20.5 psia; therefore, the nonpropulsive vent (NPV) was

used to assist the cvs in ullage pressure control.

Continuous venting was initiated 90 sec after ist burn cutoff (ECC). Ullage

pressure decayed rapidly from 29.5 to 20.5 psia in approximately i00 sec

(figure 8-6). Ullage temperatures also dropped due to gaseous expansion

and the venting of warm pressurant gas.

When tile uilage pressurant had dropped to 20.5 psia, the continuous vent

module began regulating, holding the ullage pressure steady for approxi-

mately 550 sec. The upper ullage temperatures increased at first (due to

ground heating), but as boiloff gas began to rise all ullage temperatures

decreased.

Approximately 700 sec after engine cutoff, the ullage pressure began to

rise very slowly (0.064 psi/min). This indicated the point at which CVS

regulation became insufficient to control the ullage pressure. Approximately

2_400 sec later (ECC +3,100 sec) the NPV was opened. Th6 ullage pressure,

which had been 23.0 psia at NPV opening, dropped rapidly at first, but

tapered off to 16.3 psia approximately 1,000 sec later. Ullage temperatures

dropped for 150 sec and then leveled off at lower steady values. Ullage

pressure and temperatures remained essentially constant until repressurization

commenced (2nd ESC -322 sec).

Pressure and temperature instrumentation immediately upstream of the ,

continuous and nonpropulsive vent exits will supply flow data during

S-IVB/V stage flights. During the acceptance firing, the instrumentation

was installed, but the value of the data obtained is questionable in view

150

28 September 1966



Section 8
Fuel System

of the limitations of a static firing environment in the simulation of

orbital conditions. The continuous and nonpropulsive vent exit nozzles

were replaced by a manifold system to conduct the vented GH2away from

the stage. Venting flows at the manifold (to atmospheric back pressure)

were unchoked at the LH2 tank ullage pressures maintained during simulated

orbital coast, whereas choking at the vent exits will be ensured under

orbital coast. Both the CVSand the NPVexit temperature profiles dis-

played differences in level that are explainable in terms of unequal flow

past the instrumentation locations for each system. The increased mani-

fold pressure during periods of nonpropulsive venting was reflected in

continuous as well as nonpropulsive vent exit pressure data.

8.2.3 LH2 Tank Ullage History DUring Simulated Orbital Coast

Following ist burn engine cutoff, the initial flow through the continuous

vent system resulted in a rapid decrease in ullage pressure. The ullage

temperature data from the i01, 90, and 70 percent level probes began to

indicate a reduction in gas temperature. The I01 and 90 percent level

probes then indicated an increase in gas temperature as the upward motion

of the gas past the probes subsided aftey the initial surge. This increase

persisted until approximately ECC +500 sec when all of the ullage temperature

measurements began to decrease to a considerably lower level as the warm

ullage gas was expelled and replaced by boiloff GH2 at nearly saturation

temperature. The temperatures varied in the 40 to 85 deg R range until

LH2 tank vent blowdown occurred at ECC +3,101 sec. Throughout the simulated

orbital coast, data were distributed below approximately 225 deg R (the i01

percent probe indication) prior to ECC +3,101 sec (figure 8-6).

8.2.4 Continuous Vent System Performance

The continuous vent system performed as expected. The LH2 tank ullage

pressure decay rate after CVS initiation was approximately 5.4 psi/min

which agrees closely with the 5 psi/min rate attained during the S-IVB-203

stage acceptance firing. Ullage temperature profiles also agree, in

general. These facts indicate that the CVS flowrates for the S-IVB-502

stage were consistent with the S-IVB-203 stage CVS flowrates.
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8.2.5 LH2 Liquid Condition During Simulated Coast

During the simulated coast period, the LH2 temperature increased steadily from

38.1 deg R at engine cutoff to 39.5 deg R at ECC +3,1011 sec when the LH2 tank

vent blowdown began (figure 8-7). The liquid was saturated throughout the

period between engine cutoff and tank blowdown. Total LH2 boi_off during the

simulated coast period, presuming no entrainment loss, was 3,&51 ibm.

8.3 LH2 Pump Chilldown

8.3.1 First Burn

The LH2 pump chilldown system performed adequately. At engine start, the

pump inlet pressure of 38.2 psia and temperature of 39.6 deg R were within

the start requirements. The available NPSH was 14.3 psi which was above

the minimum requirement of 8.5 psi.

System temperatures and pressures and the LH2 chilldown flowrate (figures

8-8 and 8-9)• were used to determine fluid and hardware temperature condi-

tions, pressure drops, and heat inputs. The LH2 tank was loaded with

the prevalve and gas generator bleed valve open, which allowed a partial

hardware chilldown before the chilldown pump was started. Recirculation

chilldown was started 92 sec before tank prepressurization and was terminated

shortly before engine start. At ESC -3.1 sec, the prevalve was opened with

the pump still running to remove any bubbles which might have collected

under the prevalve during chilldown. The chi!Ido_m shutoff valve was

closed just prior to engine start.

The chilldown flowrate (figure 8-8) went through a normal start transient,

reached 89 gpm at the end of the transient, then slowly varied between 90

and 92 gpm until the initiation of prepressurization. Subsequently, the

flowrates increased to and stabilized at 135 gpm until the termination

of chilldown at SLO +510 sec.

The heat input rates to the chilldown system during this firing are

compared to those of the S-IVB-501 firing in the following table:
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UNPRESSURIZED (Btu/hr) PRESSURIZED (Btu/hr)

TEST

S-IVB-501 S-IVB-502 S--IVB-501 S-IVB-502

Sect 1

Sect 2

***Sect 3

TOTAL

18,000

30,000

48,000

i

* Tank to pump inlet

** Pump inlet to bleed valve

*** Bleed valve to tank

19,000

25,000

44,000

13,000

27,000

13,500

53,500

13,500

13,500

24,500

56,000

Because of the large effects of minor temperature inaccuracies, only a very

general comparison of the heat inputs could be made. The total heat input
l

to the chilldown system was greater than that during the S-IVB-501 stage

acceptance firing. As in the S-IVB-501 acceptance firing, an environmental

helium purge of 65 scfm was used during the S-IVB-502 stage acceptance firing

to prevent the formation of liquid nitrogen.

During unpressurized chilldown, the LH2 pump inlet was slightly subcooled;

immediately following prepressurization, the temperature decreased to 38.8

deg R as the flowrate increased. The temperature then slowly increased as

the LH2 bulk warmed and, by engine start, was 39.3 deg R. All chilldown

system temperatures reflected the LH2 bulk warming.

The bleed valve and return line temperatures increased sharply at the

initiation of prepressurization because all of the heat input went into

heating the pressurized fluid, and no vaporization occurred. The LH2

entered the system sufficiently subcooled to absorb all the heat input to

the system without reaching the saturation temperature. A l-deg margin

existed in the return line at engine start. After prepressurization was

terminated at SLO -74 sec, the pump inlet follo_$ed the ullage pressure

until the prevalve was opened and allowed essentially all of the flow to

return to the LH2 tank through the prevalve with no flow through the

chilldown system. The pump inlet pressure then decreased (because of loss

of chilldown pump head) to 38.2 psia where it remained until engine start.
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The LH2 prevalve sequencing was as follows:

OpenCommandReceived

Valve Left Closed Position

Valve ReachedOpenPosition

ESC-3.11 sec

ESC-2.38 sec

ESC-0.59 sec

The NPSHat the pumpinlet followed the ullage pressure during prepressur-

izatlon and reached a maximumof 25.4 psi when the ullage pressure attained

the vent relief setting. Although the ullage pressure then remained con-

stant until engine start, the NPSHdecreased to 21.8 psi just before the

prevalve was openedbecause of the increasing LH2 bulk temperatures. The

NPSHthen decreased to 14.6 psi because'of the loss of chilldown pumphead

and was at this pressure at engine start.

The flow coefficient was calculated from flowrate and chilldown system
pressure drop data and the results varied from 18 to 19.5 sec2/in.2ft 3

(figure 8-9), which was within the range calculated for previous S-IVB

stages. The flow coefficient was used to compute average fluid quality

during the unpressurized phase of the chilldown.

In the region of two-phase flow (sections 2 and 3), the average fluid

quality was 0.04 Ibm gas/ibm two-phase mixture prior to prepressurization.

This quality decreased to zero during prepressurization when the fluid

in the system becamesubcooled.

The LH2 chilldown system pressure drop was relatively steady at 8.8 and

7.2 to 7.9 psi, respectively, during the unpressurized and pressurized
portions of the LH2 chilldown operation.

154

8.3.2 Second Burn

The LH2 chilldown (figure 8-10) was similar to that for ist burn in that it

started with a wet feed duct (prevalve open). The recirculation chilldown

system performed satisfactorily. At engine start, the pump inlet

pressure and temperature of 35.1 psia and 39.8 deg R were within the

engine start requirements. The pump inlet NPSH at engine start was

10.5 psi. This satisfied the minimum acceptable limit of 8.5 psi but was
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less than the 1st burn NPSHof 14.4 psi. The lower NPSHwas a result of the

lower ullage pressure during 2nd burn.

The LH2 chilldown pumpwas started at ESC-715 sec with the tank unpressur-

ized. The tank was repressurized at ESC-322 sec. Pressurization was

gradual to simulate the use of a helium heater. At ESC-125 sec, the

auxiliary pressurization system was used to increase the LH2 tank pressure

by approximately 3 psi. At ESC-40 sec, repressurization was completed.

The LH2 quality went through a normal start transient and reached a steady-
state value of 0.07 (figure 8-11), where it remained until the initiation

of repressurization. At that time, it •slowly decreased and, in 20 sec,
reached zero, where it remained.

The heat inputs for the 2nd burn of the S-IVB-502 stage firing are compared

to those for the ist burns of S-IVB-501 and -502 stage firings in the

following table:

UNPRESSURIZED (Btu/hr) PRESSURIZED (Btu/hr)

TEST S-IVB-502 S-IVB-502 S-IVB-502 S-IVB-502

Sect i

Sect 2

S-IVB-501

18,000

30,000

ist BURN

19,000

25,000

2nd BURN

21,000

35,000

S-IVB-501

13,000

27,000

13,500

ist BURN

13,500

18,000

24,500

2nd BURN

19,000

21,000

15,000***Sect 3

TOTAL 48,000 44,000 56,000 53,500 56,000 55,000

Tank topump inlet

** Pump inlet to bleed valve

*** Bleed valve to tank

Again, because of the large effects of minor temperature inaccuracies, only

a very general comparison of the heat inputs could be made; however, the

heat inputs during preSsurized chilldown were surprisingly close.

The LH2 pump NPSH was zero during the unpressurized portion of chilldown,

but increased during repressurization and at ESC -116 see was 16 psi. It

then gradually increased and was at 18.2 psi just before the prevalve was

opened (figure 8-10).
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Steady-state pressurized chilldown conditions were not reached after

repressurization, but the LH2 conditions at engine start were very nearly
the samefor Ist and 2nd burns. As explained in paragraph 7.3.2, the

recirculation system had been purged with ambient helium during simulated

orbital coast, and had had only a short period of contact with the propellant

prior to initiation of chilldown.

Repressurization caused the vapor in the system to collapse, thus allowing

a surge in the flowrate by reducing the system flow resistance. After the

surge the flowrate decreased rapidly to 96 gpm. During the remainder of

chilldown, the flowrate gradually increased as steady-state conditions

were being approached.

Just before the prevalve was opened, the flowrate had increased to 133 gpm,

which was slightly less than the 135 gpm obtained during ist burn. Both

these values are lower than the 146 gpm obtained during the S-IVB-501 stage

acceptance firing ist burn. This indicated a greater resistance to flow

during the S-IVB-502 acceptance firings.

8.4 Engine LH2 Supply

The LH2 engine supply system (figure 8-12) satisfactorily provided the

engine with propellant throughout ist and 2nd burns, with the exception

of the 2nd burn engine cutoff when the pump inlet NPSH decreased sharply

below the required 5.6 psi.

8.4.1 First Burn

Th_ LH2 pump inlet static pressure followed the ullage pressure throughout •

the firing. It was 37.3 psia at engine start and steadily decreased to

27.0 psia at engine cutoff (figure 8-13).

The available NPSH at the LH2 pump inlet at engine start was 13.5 psia •. It

then increased sharply to 17.7 psia at ESC +2 sec as cold LH2 from the tank

replaced the warmer LH2 in the suction ducts. The pump inlet temperature

dropped from 39.6 deg R at engine start to 37.9 deg R at ESC +2 sec and

then slowly increased to 38.0 at engine cutoff; therefore, the NPSH varied

directly as a function of the ullage pressure. By engine cutoff the NPSH

had decreased to 9.5 psi.
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The average frictional pressure drop in the LH2 suction duct was calculated

to be 1.0 psi at an average flowrate of 79.5 ibm/sec. These values were

similar to those incurred during the s-iVB/V-501 acceptance firing.

The LH2 pump inlet pressure and temperature plotted in the engine operating

region (figure 8-14) indicate that the pump inlet conditions were met

satisfactorily throughout the Ist burn. In figure 8-15, the pump inlet

temperature is plotted as a function of the mass remaining within the LH2

tank. This trend is similar to that of the S-IVB/V-501 acceptance firing.

8.4.2 Second Burn

The LH2 supply system functioned satisfactorily throughout the 2nd burn.

At engine start the pump inlet pressure and temperature were 33.0 psia and

40.0 deg R, and the NPSH was 16.0 psi (figure 8-16). The pump inlet

pressure and the NPSH followed the ullage pressure as the pump inlet

temperature dropped to 37.8 deg R at ESC +2 sec and then slowly increased

to 39.0 deg R prior to engine cutoff. The firing was terminated by the

strip chart observer when the LH2 pump inlet temperature increased and

caused the NPSH to decrease below the minimum requirement of 5.6 psi.

The average frictional pressure drop for the high E_ portion of the firing

was 1.8 psi at an LH2 flowrate of 78.5 lbm/sec. After the EMR cutback, the

pressure drop was 1.7 psi at an average LH2 flowrate of 76.3 ibm/sec. The

apparent difference between the Ist and 2nd burn pressure drop is within

data accuracy. The plot of pump inlet pressure and temperature in the

engine operating region (figure 8-17), indicated that, except at cutoff,

the inlet conditions were satisfactory. Figure 8_15 shbws pump inlet

temperature as a function of the mass remaining in the LH2 tank. This

trend was similar to that of the S-IVB/V-501 acceptance firing.
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TABLE8-i
SUMMARY OF LH2 TANK PREPRESSURIZATION DATA

Section 8

Fuel System

ITEM

Prepressurization initiation (sec from ESC)

Prepressurization completion (sec from ESC)

Prepressurization elapsed time (sec)

GH2 at start of prepressurization (ibm)

GH2 at start of prepressurization (moles)

Helium added during prepressurization (ibm)

Helium added during prepressurization (moles)

Gas misture in ullage at the end of prepressurization
(total moles)

GH2 evaporated during prepressurization (moles)

GH2 evaporated during prepressurization (ibm)

Mass ratio of GH2 to helium at termination of prepressur-
ization

GH2 mass in ullage at tehnination of prepressurization
(percent)

UNIT

-624

-583

41

73

36.5

17.4

4.4

40.9

0

0

4.2

t

81

28 September 1966

Table 8-1 159



Section 8
FuelSystem

i

STAGE colin cozM O)Oll-

(1) (3)

FROM J-2 ; NORMAL ] (dlT) [

K0616 C02_t! LH2 TANK

PRESSURF

CONTROL

MOCULE

Ko_4KOIOI!

)

K0694

|

: I
m

I
|

AMBIENT I

HELIUM [_FiLL

I m

LH2 REPRESSURIZATION I

_ CONTROL MODULE

(l?)

LH2 TANK

CO_IMON

BULKHEAD

Figure 8-I. LH2 Tank Pressurization System
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Section 9

Pneumatic Control and Purge System

PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control and purge system (figure 9-1) performed satisfactorily

throughout the acceptance firing. The helium supply to the 'system was

adequate for both pneumatic valve control and purging; the regulated pressure

was maintained within acceptable limits and all components functioned

normally.

9.1 Ambient Helium Supply

The ground support equipment (GSE) helium supply was isolated at approximately

i0 sec prior to simulated liftoff (SLO).

Pressures at significant times (figures 9-2, 9-3, and 9-4) were as follows:

TIME PRESSURE (psia)

Simulated Liftoff

ist Burn Engine Cutoff Command

2nd Burn Engine Start Command

2nd Burn Engine Cutoff Command

3,205

3,110

2,640

2,640

Usage during the simulated orbital coast was primarily for the 10-min engine

pump purge immediately after engine cutoff.

Of the 9.75 Ibm loaded at simulated liftoff, a total of 1.68 ibm was used

during the acceptance firing. ThE following is a comparison of the helium

consumption during the various phases of the S-IVB-502 acceptance firing with

that of the S-IVBZ501 acceptance firing:

TIME S-IVB-501 USAGE (ibm) S-IVB-502 USAGE (ibm)

Simulated Boost

ist Burn

Simulated Coast

(ECC to ESC)

2nd Burn

0.13

0.06

1.00

0.02

0.22

0.03

1.42

0.01

Total i_21 1.68
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Of this indicated usage, the largest volumewas used by the engine pumppurge;

0.13 ibm was used during the repressurization and prepressurization operation.

The massconsumedand the rate of consumption during engine pumppurges were
as follows:

PERIOD

SLO+332 to SLO+454 sec

ist ECCto ist ECC+605 sec

2nd ESC-178 to 2nd ESC-57 sec

MASS(ibm)

S-IVB-501

0.12

0.75

0.12

S-IVB-502

0.17

0.84

0.17

FLOWRATE(ibm/min)

S-IVB-501

0.06

0. 074

0.06

S-IVB-502

0.085

0.084

0.085

The prevalves were held closed from ist burn engine cutoff to nearly 3,000 sec

into simulated coast. A possible slight leakage from these activation modules,

usage by the continuous vent regulator, and opening of the LH2 tank vent

valves accounted for 0.26 ibm from ist ECC+600 sec to approximately 4,000 sec
into simulated coast. Inspection of the S-IVB-501 data indicates that little

or no control helium was used from 2nd ESC-900 sec to the initiation of the

engine purge at 2nd ESC-198 sec; 0.13 ibm were used by the S-IVB-502

stage over the sameperiod. _ne available data indicate that a slightly

higher degree of leakage existed in the S-IVB-502 control helium systems than

in the S-IVB-501 stage; however, the leakage was;very minor and the reserve

was far in excess of requirements.

9.2 Pneumatic Control

Ail engine and stage pneumatic control valves responded properly thr0ughout

the acceptance firing. The pneumatic control helium regulator operated

satisfactorily and generally maintained an output pressure of 515 to 545 psia.

The regulator lockup pressure appeared to be 555 psia; however, the system

pressure dropped to as low as 425 psia during the start and cutoff transients.

These dips have occurred on all past firings and, since the system pressure

recovers quickly, are considered satisfactory. The continual cyciing of the

regulator during the simulated coast was due to the cycling of the LH2 tank

vent valve while it controlled the tank ullage pressure.

180
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9.3 Ambient Helium Purges

Throughout the countdown, ten purge functions; were satisfactorily accomplished.

The purge function characteristics, gas sources, and purging periods are

listed in table 9-1.

The LOX chilldown motor container pressure was maintained at approximately

41 !1.6 psia throughout the acceptance firing, satisfying the requirements of

37 to 40 psia.

i

f
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i0. AUXILIARY PROPULSION SYSTEM

The S-IVB-502 APS modules were confidence fired during countdowns 624360

and 624368. These tests were conducted at the Complex Gamma Test

Facility of the Sacramento Zest Center on 19 July and 27 July 1966. The

tests were authorized by Test Request 2077 and 2078 which delineate the

procedures used during the tests. The operating techniques established

during Phases I and Ii of Complex Gamma testing were employed during

the confidence firing tests.

Each APS module contains four engines. Three of the engines are TRW

150-1bf-thrust engines used for attitude control of the stage. The

fourth engine is a rocketdyne 72 Ibf thrust engine used for ullage control

of the stage. Figure i0-i shows the orientation of the engines;

figure 10-2 is a schematic of the APS modules.

I0.i APS Module No. 1

i0.i.I APS Oxidizer System Loading and Operation

The operation of the oxidizer system was satisfactory during the

confidence firing of module No. i. The pertinent oxidizer system data

for this module are presented in table i0-I.

Recirculation and loading of the oxidizer system were carried out

simultaneously; however, after the bladder was full, recirculation was

continued until the returning liquid was free of gas bubbles. Loading

of the nitrogen tetraoxide (NTO) required approximately 12.3 min.
. / -

Recirculation was continued for an additional 5 min 20 sec. The oxidizer

temperature was 530 deg R, thus the quantity of oxidizer in the bladder

at the full loaded condition was 213.6 ibm. To provide an ullage to

allow for thermal expansion, 7.2 ibm of oxidizer were off-loaded;

therefore, the quantity of oxidizer in the bladder prior to the firings

was 206.4 Ibm.

The oxidizer consumption during the test was calculated by two methods.

The first was the pressure differential (AP) method which was used to

calculate the consumption for the individual pulses. By summing these

values, the overall consumption during the test was determined to be

7.00 ibm.
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189



Section i0
Auxiliary Propulsion System

The second method utilized the change in helium sphere conditions to

determine the change in ullage volume and, therefore, the volume of

propellant displaced from the bladder. With a kno_n propellant temper-

ature and an assumedEMRvalue, the propellant consumption could be

approximated. The oxidizer consumption calculated by this method
was 9.1 Ibm. The difference of 2.1 ibm is within the accuracies of

the instrumentation and method used.

The oxidizer consumption for the various pulse widths fired during the test

are shown in figure 10-3. This figure shows that the oxidizer consumption

was within the two sigma variation as determined during TRWengine testing.

The oxidizer supply pressure transients were similar to those obtained

during previous testing. For a single engine firing, the transients ranged

from 140 to 240 psia. For multiple engines firing, the minimumpressures

were I00 psia and 300 psia, respectively. In both cases, the shutdown

transients required approximately 0.25 sec to dampenout.

The pressure differential across the oxidizer bladder was kept below ii psid

throughout the test; however, a AP of 17 psid was recorded during oxidizer

tank ullage venting following firing because the ullage pressure tap sensed

the static pressure of the venting helium. The bladder did not experience
this AP.

10.1.2 APSFuel System Loading and Operation

The operation of the fuel system of module No. ! was satisfactory during the
• • . . *

confidence firing. The pertinent fuel system data are presented in

table i0-i. As with the oxidizer system, recirculation and loading were

carried out simultaneously with recirculation continuing until the return line

was free of gas bubbles. Loading of the fuel bladder required approximately

9.3 min. Recirculation was continued for an additional 4.3 min. The fuel

temperature was 536 deg R; therefore, the amount of fuel in the bladder was

129.0 ibm. Toallow for thermal expansion , 4.4 Ibm of fuel were off-

ioaded; thus, the amount of fuel in the bladder prior to the firings was

124.6 ibm. The fuel consumption during the test was calculated by the same

methods as the oxidizer consumptiDn. The AP method indicated a fuel

190
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consumption of 4.6 ibm. Using the helium sphere conditions, the fuel

consumption was determined to be 6.1 ibm. Again, the difference in the

values is within the accuracies of the instr_nentation and methods used.

The fuel consumptions for the various pulse widths fired during the test

are shownin figure 10-4. From this figure, it can be seen that the fuel

consumption was within the TRWtwo sigma variations.

The fuel supply pressure transients were similar to those of previous tests.

For a single engine firing, the minimumsupply pressure transient was

150 psia and the maximumpoint was 260 psia. For multiple engine firings,

the pressure dropped to a minimumof 160 psia and increased to a maximumof

220 psia. In both cases, the steady-state supply pressure was 191 to
195 psia.

The pressure differential across the fuel bladder was kept below i0 psid,

except for a short period after the pressure spike indicating a full fuel

bladder. At this time, the AP reached 10.8 psid.

10.1.3 APSHelium System Loading and Operation

The helium pressurization system of module 1 operated satisfactorily through-

out the confidence firing. The helium sphere was pressurized to 3,115 psia.

Since the objectives of the test required that the sphere be pressurized

to only 3,100 !100 psia, a fully loaded condition was not achieved. The

pertinent data for the helium system of module 1 are shown in table i0-i.

Just prior to firing, the helium sphere conditions were 2,993 psia and

566 deg R, indicating a contained helium mass of 0.967 ibm. Upon completion

of the firingS, the sphere contained 0.940 ibm at 2,870 psia'and 560 deg R_

thus, the amount of helium required to expel propellants during the test was

0.027 ibm.

The ullage pressure was maintained at 191 to 196 psia during the test. With

the regulator reference pressure less than 0.3 psia during regulator

operation, this satisfies the test objective of maintaining the propellant

tank pressures at 193 _5 psia plus the regulator reference pressure. The

regulator outlet pressure ranged from 196 to 198 fuifilling the 196 !3 psia

requirement.
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10.1.4 APSEngine Performance

The data obtained during the confidence firing indicated that the engine

performance of module 1 successfully met the test objectives stated in

TR 2077. The data agree with that obtained during previous testing and

with the TRW test data.

The injector valve opening times for all eight valves of each of the TRW

engines were 20 ms or less, fulfilling the requirement of 21 ms maximum.

The injector valves of the ullage engines required 15 ms to open,

fulfilling the requirement of 21 ms maximum. The steady-state chamber

pressures were 97.3, 97.6, 97.4, and i02.5 psia for engines i, 2, 3,

and 4, respectively. These values satisfy the requirement of i00 +5 psia.

The steady-state thrusts of the TRW engines were 141.1, 140.0, and

141.2 ibf for engines i, 2, and 3, respectively. This fulfills the

requirement of 145 !10 ibf stated in TR 2077. The steady-state thrust

of engine 4 was 73.8 ibf, thus satisfying the requirement of 72 +3.6 ibf.

The pertinent engine performance parameters for engines i, 2, and 3 are

shown in figures 10-3 through 10-7. The TRW two sigma variations are

also shown for comparison.

The engine performance of the TRW engines agreed favorably with the TRW

two sigma bands. The performance of the ullage engine compared well with

that obtained during Rocketdyne testing.

10.2 APS Module No. 2

10.2.1 APS Oxidizer System Loading and Operation

The operation of the oxidizer system was satisfactory during the

confidence firing of module 2. The pertinent oxidizer system data for

this module are presented in table 10-2.

Recirculation and loading of the oxidizer system were carried out simul-

taneously; however, recirculation was continued after the bladder was full

until the returning liquid was free of gas bubbles. Loading of the NTO

required approximately 11.7 min. Recirculation was continued for an

additional 3 min. o The oxidizer temperature was 522 deg R, thus the quantity

of oxidizer in the bladder at the fully loaded condition was 215 Ibm. To

192
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provide an ullage to allow for thermal expansion, 10.4 Ibm of oxidizer was

off-loaded. The quantity of oxidizer in the bladder prior to the firings
was therefore 204.6 Ibm.

The oxidizer consumption during, the test was calculated by the two methods

described in paragraph I0.i.i. The &P method indicated an overall consump-

tion of 7.3 ibm, and the helium sphere conditions indicated 9.2 Ibm. The
difference of 1.9 ibm is within the accuracies of the instrumentation and

methods used.

The oxidizer consumptions for the various pulse widths fired during the

test are shown in figure 10-3. This figure also shows that the oxidizer

consumption was within the two sigma variation as determined during TRW

testing.

The oxidizer supply pressure transients were similar to those obtained

during previous testing. For a single engine firing, the transients ranged

from 130 to 280 psia. For multiple engines firing, the minimumand maximum

pressures were i00 psia and 300 psia, respectively. In both cases, the

shutdown transients required approximately 0.25 sec to dampenout.

The pressure differential across the oxidizer bladder was maintained at

less than i0 psid throughout most of the test. The AP reached a maximumof

Ii psid during post-test purging.

10.2.2 APSFuel System Loading and Operation

The operation of the fuel system of module 2 was satisfactory during the

confidence firing. The pertinent fuel system data are presenSed in

table 10-2.

As with the oxidizer system, recirculation and loading were carried out

simultaneously, with recirculation continuing until the return line was

free of gas bubbles. Loading of the fuel bladder required approximately

8.3 min. Recirculation was continued for an additional 2 min. The fuel

temperature was 526 deg R; therefore, the amount of fuel in the bladder

was 129.7 ibm. To allow for thermal expansion, 3.7 Ibm of fuel were off-

loaded; thus_ the amount of fuel in the bladder prior to the firings was

126.0 ibm. The fuel consumption during the test was calculated by the same

methods as the oxidizer consumption. The AP method indicated a fuel
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consumption of 4.8 ibm, and the helium sphere conditions indicated 6.1 ibm.

Again, the difference in the values is within the accuracies of the
instrumentation and methods used.

The fuel consumptions for the various pulse widths fired during the test

are shownin figure 10-4 which also shows that the fuel • consumption was

within the TRWtwo sigma variations.

The fuel supply pressure transients were similar to those of previous tests.

For a single engine firing, the minimumsupply pressure transient was

180 psia and the maximumpoint was 220 psia. For multiple engine firings,

the pressure dropped to a minimumof 170 psia and increased to a maximumof

230 psia. In both cases, the steadyzstate supply pressure was 195 to

200 psia.

The pressure differential across the fuel bladder was maintained below

11.5 paid throughout the test.

10.2.3 APSHelium System Loading and Operation

The helium pressurization system of module 2 operated satisfactorily

throughout the confidence firing test. The helium sphere was prepressurized

to approximately 250 psia _nd then fully pressurized to 3,132 psia. Since

the objectives of the test required only that the sphere be pressurized to

3,100 _i00 psia, a fully loaded condition was not achieved. The pertinent

data for the helium system of module 2 are shown in table 10-2.

Just prior to firing, the helium sphere conditions were 2,950 psia and

551 deg R, indicating a contained helium mass of 0.978 ibm. Upon completion

of the firings, the sphere contained 0.951 ibm at 2,835 psia and 546 deg R;

thus, the amount of helium required to expel propellants during the test was

0.027 ibm.

The ullage and tank pressure _Tas maintained at 189 to 197 psia during the

test. The regulator reference pressure was less than 0.4 psia during

regulator operation. This satisfies the test objective of maintaining the

propeliant tank pressures at 193 +_5 psia plus the regulator reference _

pressure.

The helium regulator outlet pressure was maintained at 194 psia, which

satisfies the requirement of 196 !3 psia plus the regulator reference

pressure.
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10.2.4 APS Engine Performance

The data obtained during the confidence firing indicated that the engine

performance of module 2 successfully met the test objectives stated in

TR 2078. The data agreed with that obtained during previous testing

and with the TRW test data.

The injector valve opening times for all eight valves of each of the TRW

engines were 20 ms or less, fulfilling the requirement of 23 ms maximum.

The injector valves of the ullage engine required 17 ms to open, fulfilling

the 21 ms maximum requirement.

The steady-state chamber pressures were 96.0, 97.4, 100.6, and 102.7 for

engines I, 2, 3, and 4, respectively. These chamber pressures meet the

requirement of i00 _5 psia.

The steady-state thrusts of engines I, 2, 3, and 4 were 139.2, 141.2,

145.9, and 73.9, respectively. These values fulfill the requirements of

145 !10 ibf for the TRW engines, and 72 !3.6 ibf for the Rocketdyne ullage

engine.

The pertinent engine performance parameters for engines i, 2, and 3 are

shown in figures 10-3 through 10-7. The TRW two sigma variations are also

shown for comparative purposes.
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TABLEi0-i
APSMODULEi

PROPELLANTRECIRCULATION

Mobile Servicer Storage Tank Pressure (psia)
Mobile Servicer Collection tank pressure (psia)

PROPELLANT LOADING

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

Loading Time (min)

Tank Outlet Temperature at Full Load (°R)

Quantity Loaded (cu in.)

Quantity Loaded (ibm)

Quantity Off-Loaded (gal)

Quantity Off-Loaded (Ibm)

Quantity in Tank Before Firing (ibm)

HELIUM LOADING

Loading Time (min)

Sphere Pressure at Loaded Condition (psia)

Sphere Temperature at Loaded Condition (°R)

Helium Mass at Loaded Condition (ibm)

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

DURING FIRING (AFTER CLEARING BURSTS)

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

Helium Regulator Reference Pressure (psia)

HELIUM USAGE DURING TEST

Sphere Pressure at End of Test (psia)

Sphere Temperature at End of Test (°R)

Helium Mass Remaining (Ibm)

Helium Mass Used (ibm)

PROPELLANT USAGE DURING TEST*

Tank Outlet Temperature at End of Test (°R)

Quantity of Propellant Used (ibm)

Quantity Remaining in Tanks (ibm)

Section i0

Auxiliary Propulsion System

OXIDIZER

34-35.3

35.3-45

17

530

4,092

213.6

0.6

7.2

206.4

191

195

192

196

533

9.1

197.3

FUEL HELIUM

34.5-35

35-45.3

13

536

4,092

129.0

0.6

4.4

124.6

193

191

193

192

537

6.1

118.5

9.5

2,993

566

0.967

0.3

2,870

560

0.940

0.027

* Calculated from helium usage with mixture ratio assumed to be 1.5.
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TABLEi0-2
APSMODULE2

OXIDIZER FUEL HELIUM

PROPELLANTRECIRCULATION

Mobile Servicer Storage Tank Pressure (psia_
Mobile Servicer Collection Tank Pressure (psia)

PROPELLANT LOADING

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

Loading Time (min)

Tank Outlet Temperature at FOIl Load (°R)

Quantity Loaded (cu in.)

Quantity Loaded (Ibm)

Quantity Off-Loaded (gal)

Quantity Off-Loaded (ibm)

Quantity in Tank Before Firing (Ibm)

HELIUM LOADING

Loading Time (min)

Sphere Pressure at Loaded Condition (psia)

Sphere Temperature at Loaded Condition (°R)

Helium Mass at Loaded Condition (ibm)

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

DURING FIRING (AFTER CLEARING BURSTS)

APS Ullage Pressure (psia)

APS Tank Outlet Pressure (psia)

Helium Regulator Reference Pressure (psia)

HELIUM USAGE DURING TEST

Sphere Pressure at End of Test (psia)

Sphere Temperature at End of Test (°R)

Helium Mass Remaining (ibm)

Helium Mass Used (ibm)

PROPELLANT USAGE DURING TEST*

Tank Outlet Temperature at End of Test (°R)

Quantity of Propellant Used (ibm)

Quantity Remaining in Tanks (ibm)

38.549

34-36

34.5-36.5

35.3-45.5

14.8

522

4,092

215.0

0.86

10.4

204.6

195

195

196

197

524

9.2

195.4

37-48

34.5-36

34.3-34.5

35-46

i0.9

526

4,092

129.7

0.50

3.7

126.0

193

189

193

189

530

6.1

119.9

* Calculated from helium usage with mixture ratio assumed to be 1.50..
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7.3

2,950

551

0.978

0.4

2,835

546

0.951

0.027
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Figure 10-I. S-IVB/V APS Module on Test Stand
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Section ii

Propellant Utilization System

PROPELLANT UTILIZATION SYSTEM

The PU (propellant utilization) system accomplished all the design objectives

as listed in the DAC Report No. SM-47378, Saturn S-IVB-502 Stage Acceptance

FiringTest Plan.

The PU system was operated in the closed-loop mode during ist and 2nd burns

with no problems. Calibration was based on an EMR of 5.0:i, but at MSFC

request, the propellants loaded for the test programmed an EMR history to

support the objectives noted below:

a. Operation of the J-2 engine during ist burn at a performance level

that would enable refilling of the start tank to the pressure and

temperature limits required for engine restart, thus removing the

one-orbit minimum constraint for restart. Present operational

procedure dictates that a minimum interval of 90 min is required

prior to restart to allow time for pressure buildup in the start

tank considering orbital heat transfer.

b. Operation of the J-2 engine during the initial portion of 2nd burn

with a minimum chamber pressure of 730 psia during the restraining

link release (approximately ESC +13 sec).

ii.I PU System Calibration

The nominal pre-acceptance mass sensor calibration was determined from a

combination of empirical and theoretical analysis.

The lower propellant mass calibration point was determined from calculated

tank volume and predicted propellant density. The corresponding capacitance

at the lower extremity was determined from the vendor's sensor calibration

data and fast drain empty capacitance data from previous acceptance firings.

The PrOpellant mass and its capacitance at the upper extremity was determined

from the vendor's calibration data and the S-IVB-501 stage level and PU

sensor mass analysis.

The LOX and LH2 PU mass sensor calibrations are shown in the following

table :

28 September 1966
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PU MASS

SENSOR

LOX

LH2

P ICOFAR_J) S

282.36

414.54

974.34

1,190.75

POUNDS

MASS

1,270

195,942

206

44,901

REMARKS

Bottom of Inner Element

Top of Inner Element

Bottom of Inner Element

Top of Inner Element

11.2 Level Sensor vs PU Mass

The point level sensor and PU sensor masses at each level sensor activation

time are presented in table ii-i. The deviation between these two system

masses are graphically presented in figures ii-i and 11-2. Both the PU

system and level sensors were referenced to the unique S-IVB-502 stage

propellant tank volume coi_uted from actual tank measurements. The indicated

PU sensor masses were adjusted for predicted sensor-to-tank mismatch non-

linearities. The sensor-to-tank nonlinearities were computed from the unique

S-IVB-502 stage tank volume and the vendor's calibration data. These non-

linearities are shown in figures 11-3 and 11-4 for the LH2 and LOX tank,

respectively. The maximum deviation for the LOX system masses shown in

figure ii-i is 0.42 percent Of the full load. This deviation is a

considerable improvement over the 2.0 percent maximum deviation determined

for the S-IVB-501 stage system. Also, the precision of the LOX data again

verified the effectiveness of the LOX level sensor slosh guard. The devia-

tion diminished to approximately zero at the lower end of the LOX tank which

demonstrates that both systems have excellent height reference correlation.

"These c_itical locations were measured prior to the acceptance firing.

The LH2 systems analysis is shown in figure 11-2. The maximum deviation

was 0.44 percent of the full load. The deviations were random in both

positive and negative directions and were well within the predicted accuracy

of the two systems.

The deviations diminished in magnitude as the in-ta_:Ik mass approached the

lower sensors, which again is attributed to the good level sensor and PU

sensor height correlation.

208
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11.3 PU Calibration Analysis

An excellent LH2 PU sensor calibration was verified on the S-IVB-502 stage

by the series of level and temperature sensors. The data indicated no

appreciable error in the mass _ capacitance relationship. The relationship

at the empty condition Was exceptionally good.

The empirically determined S-IVB-502 stage LOX PU sensor calibration was

examined for the validity of the method used. The LOX sensor calibration

was modified 31.5 ibm per pf lower from the S-IVB-501 stage acceptance

firing calibration. The indications based on the S-IVB-502 stage level

sensors are the LOX PU sensor calibration is indicating approximately 6 ibm

per pf lower than level sensor masses. The equivalent LOX mass error is

approximately 0.4 percent. The 2nd burn high EMR cutback time also

verified the accuracies of the LOX and LH2 PU sensor calibrations. The

difference between the PU sensor mass and flow integral mass at Engine

Start Command for the LOX and LH2 are -0.II percent and 0.30 percent,

respectively.

11.4 Propellant Utilization

11.4.1 Propellant Loading

The following is a tabulation of the desired, indicated, and actual full

propellant loading at ESC for the S-IVB-502 stage acceptance firing:

Desired Full Load

(Predicted)

Indicated Full Load

(PU Reading)

Actual Full Load

(Flow Integral)

Difference

(Indicated Less Desired)

Difference

(Actual Less Desired)

Difference

(Indicate_ Less Actual)

LOX

(lbm)

193,273

193,113

193,325

-160

52

-212

-(O.ll%)

LH2

(ibm)

40,660

40,574

40,452

-86

-208

122

(0.30%)

28 September 1966
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Propellant loading for ist burn was accomplished automatically and smoothly

by the loading computer. Following Ist burn cutoff, tile propellant mass

remaining in the stage tanks was determined from PUsystem data. An analysis

was then madeto determine the amount of LOXrequired to insUre compliance

with objective b (paragraph II.0). The analysis indicated that the propel-

........ lants were in the proper ratio for a 3-orbit simulated boiloff in both

propellant tanks.

...... The LH2 boiloff was approximately 3,150 ibm or i00 ibm less than predicted.

LOXboiloff was approximately 570 Ibm (300 Ibm is for orbital boiloff and

270 Ibm for prepressurization effect) or i0 Ibm less than predicted. No

propellant was added during the orbital coast period between ist burn cutoff
and 2nd burn start.

11.4.2 Propellant Mass History

Propellant mass history during the stage acceptance firing is presented in

table 11-2. Results of the flow integral method of mass determination shall

be used to recalibrate the PU system capacitance mass sensors to achieve the

desired !1.3 percent PU system loading accuracy for flight.

Flow integral mass values shown in table 11-2 were based on the analysis of

propellant flowrates using engine influence equations (computer program AA89),

engine flowmeter data (computer program GI05-3) and thrust chamber

temperature data (computer program F823-I). Residual mass values at engine

cutoff were based on point level sensor data.

The flow integral method consists of determining the mass flowrate of LOX and

LH2 and integrating as a function of time to obtain'total consumed mass• during

firing. The initial full-loaded mass on board is determined by adding total

propellant residuals, boiloff, and pressurant to the total consumed mass

as sho_m in the following table.

210
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ADDITIONSTOENGINE
PROPELLANTCONSUMPTION

Propellant Residual

Net Mass Lost Through
Boiloff or Condensation
in Tanks

Pressurant Added to
Ullage

Total

ist BURN

LOX LH2

86 0

-- 76

86 76

COAST

LOX LH2

570 3,150

-- 0

570 3,150

2nd BURN

LOX LH2

2,276 604•

28 0

-- 209

2,304 813

TOTAL

LOX LH2

2,276 604

684 3,150

-- 285

2,960 4,039

The propellant mass history results of the three programs were combined into

a single set of values by averaging. These values define the best estimate

of actual masshistory and are presented in table 11-4.

11.4.3 Thrust Variations

The effect of stage PU system performance on engine thrust is summarizedin

the following table. A more detailed discussion of thrust is included in a

separate evaluation of engine performance _section 6).

t
t

• ! . ,"

t

PARAMETER

Transient Thrust Overshoot (%)

Thrust Oscillation after PU Cutback (ibf)

ACTUAL

0

+5,000

PREDICTED

0

+2,330

Thrust overshoot for this test is defined as zero since, a minimum value or

slope inflection point did not occur during the PU cutback (PUC) transient.

The PU cutback transient interval is defined as occurring from PUC to

PUC +50 sec per a NASA, Rocketdyne and DAC agreement.

11.5 Propellant Residuals

Propellant residuals were computed at the end of the ist and 2nd burn by

means o£ point level sensors and the PU mass sensor. Two LH2 level sensors

(N0025 and N0026) and two LOX level sensors (LO012 and L0011) were used to

determine the ist burn propellant residuals. Two LH2 level sensors (N0032

28 September 1966
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and L0002) and two LOXlevel sensors (L0006 and L0005) were used to deter-

mine propellant residuals for the 2nd burn.

Propellant residuals by meansof point level sensors were computedby

subtracting the propellant consumption between the time interval of point

level sensor activation to engine cutoff from the computedpoint level

sensor mass. The propellant consumption Wasderived from the engine flow

analysis (PA49analysis program).

The PUmasssensor residuals were computedat Engine Cutoff Command.The

masssensor accuracies were based upon obtaining an accurate empty probe

capacitance value immediately after the 2nd burn engine cutoff.

A summaryof point level sensor residuals, PUmass sensor residuals, and

"best estimate" residuals is presented in tables 11-4 and 11-5.

11.6 System Operation

11.6.1 PU System Nonlinearities

Figures 11-5 and 11-6 indicate the normalized nonlinearity of the LH2 and

LOX mass sensor as compared to the flow-integral reference. If a smooth

curve were drawn through these graphs, it would represent the mass sensor-

to-tank mismatch. The LOX mass sensor has a maximum error of approximately

+0.75 percent occurring near the 55 percent level of the tank. The LH2 mass

sensor has a maximum error of approximately +0.40 percent, near the

29 percent level of the tank. Superimposed on these hypothetically smooth

mismatch nonlinearity curves are the manufacturing-produced discontinuities

in the linearity. :

11.6.2 System Response

The S-IVB-502 acceptance firing PU valve history prediction, giving a PIT

valve cutback time of 2nd ESC +76 sec was based on the follo_ing:

a. S-IVB-201 acceptance firing tank-to-sensor mismatch nonlinearities

b. S-IVB-502 sensor nonlinearities (LOX - E0009 and LH2 - E0009)

c. S-IVB-502 predicted pump inlet conditions
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d. S-IVB-502 acceptance calibration

e. Predicted 3-orbit coast simulation.

The actual, predicted, and simulated PU valve position histories for ist and

2nd burns are shown in figure 11-7. Actual cutback time was 2nd ESC +70 sec.

During Ist burn, the PU system was biased to remove the propellant allotted

for boiloff during the simulated 3-orbit coast. The PU system was activated

at ist ESC +6.8 sec. The PU valve reached the positive stop at ist

ESC +9.6 sec. Figure 11-7 indicates that the actual PU valve position was

1 deg higher than predicted before PU activate and 0.5 deg higher than

predicted while on the positive stop.

During the simulated 3-orbit coast, the electrical propellant bias was

removed from the PU system. During 2nd burn, tile PU system was activated at

ESC +6.8 sec. The PU valve reached the positive stop at ESC +13.0 sec.

Figure 11-7 shows the actual PU valve position to be 1 deg higher than

predicte d before PU activate and 0.5 deg higher than predicted while on the

positive stop.

The differences between the predicted and actual valve positions were caused

by the following:

DESCRIPTION

Loading Errors

3-Orbit Boiloff Errors

Calibration Mismatch between

Flow Integral and Desired

Difference Between S-IVB-201

Acceptance Mismatch Data used

for Prediction and Actual

S-IVB-502 Mismatch

CUTBACK TI_

DISPERSION (sec)

+6.7

-24.3

+3.2

+8.4

VALVE POSITION

SHIFT (deg)

0

0

+0.5

-0.7

Total -6.0 -0.2

Considering the above factors, predicted cutback time would be decrea'sed by

6 sec and the mean level of the PU valve position after the cutback transient

would be decreased by 0.2 deg. This gives a close comparison between the

actual valve response and the reconstructed prediction.
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Loading errors are the difference between desired-indicated and actual-

indicated loads. The loading errors were -160 ibm LOXand -86 ibm LH2.

The combined effect of these errors was to increase cutback by 6.7 sec.

The 3-orbit boiloff errors are the difference ]betweenthe predicted

and the actual propellant boiloffs between Ist and 2nd burns. The
boiloff errors were +345 ibm LOXand -125 Ibm LH2. The combined effect

of these errors was to decrease cutback time by 24.3 sec.

Calibration mismatch is the difference between the desired calibration

and the actual flow integral calibration and is calculated from the

actual and indicated massend points. The calibration mismatch is

-0.03 percent for LOXand +0.17 percent for LH2. The effect of the
calibration mismatch is to increase cutback time by 3.2 sec and to

shift the meanvalue of valve position by +0.5 deg.

The effect of the differences between the S-IVB-201 mismatch and the

S-IVB-502 mismatch increased cutback time by 8.4 sec and shifted the

mean level of valve position after the cutback transient by -0.7 deg.
The valve shift was not constant and was caused by changes in the LH2
mismatch.

The desired reference mixture ratio (RMR)for the S-IVB-502 acceptance

firing was 5.00:1, but was actually 5.02:1 due to the calibration

mismatch. The actual average EI_ during the w_Ive transient was also
5.02:1.

The valve response after 2nd ESC+130 sec contained two major variations.

Both variations deviated approximately 2.5 deg from the meanvalve slope

and were caused by sensor nonlinearities and tank-to-sensor mismatch.

11.6.3 PUEfficiency

By extrapolating propellant mass history rates at cutoff, LOX propellant

depletion would have occurred at 2nd ESC +298.22 sec, with 46 ibm of

usable LH2 remaining. This is equivalent to a closed-loop PU efficiency

of 99.980 percent, The stage propellant consumption rates _t Engine _

Cutoff Command of WLO X = 391.80 Ibm/sec and WLH 2 = 80.345 lbm/see

represent the summation of total flow through the engine, boiloff rates,

and GH2 pressurant flowrate, and were used to determine the above values.

214
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PUefficiency in percent is determined by expressing the usable residual

propellant (Ru) at depletion cutoff extrapolated or actual as a percentage of
the total propellant load (Pt) as shownbelow:

npu = (i.0 - Ru/Pt) i00
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AND LOX LEVEL SENSOR

Section ii

Propellant Utilization System

• ! ..

LEVEL

SENSOR

LH2 MASS

IST BURN

N0025

N0026

2ND BURN

N0028

N0029

NO030

N0031

N0032

LO002

LOX MASS

IST BURN

L0013

LO012

LO011

2ND BURN

LO010

LO009

L0008

L0006

L0005

L0004

ACTIVATION TIME

(sec)

589.46

635.67

30.34

78.36

126.12

177.20

225.06

274.00

516.40

557.50

617.50

29.79

111.86

193.54

252.35

275.25

295.10

LEVEL SENSOR MASS

(Ibm)

33,975

30,084

22,271

18,199

14,185

10,099

6,208

2,273

193,099

174,492

146,949

112,701

75,215

43,081

19,177

9,878

2,221

PUMASS

(ibm)

34,104

30,207

22,237

18,216

14,010

I0,i16

6.243

2,280

192,403

173,763

146,152

111,988

74,822

42,904

19,104

9,817

2,034
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TABLE11-2
PROPELLANTMASSHISTORY

EVENT

Simulated Booster
Liftoff

Engine Start Command
(ist Burn)

PUActivate Command
(ist Burn)

Engine Cutoff

Command (ist Burn)

Engine Start Command

(2nd Burn)

PU Activate Command

(2nd Burn)

Engine Cutoff

Command (2nd Burn)

FLOW INTEGRAL MASS

LOX

193,325

193,325

191,8].0

124,316

123,634

122,142

2,276

(ibm)

LH2

40,452

40,452

40,092

27,634

24,464

24,104

604

TOTAL

233,777

233,777

231,902

151,950

148,098

146,246

2,880

*PU SYSTEM INDICATED MASS

LOX

193,113

191,630

1:24,191

123,648

122,108

(ibm)

LH2

40,574

40,226

27,631

24,488

24,120

6582,124

TOTAL

223,687

231,856

151,822

148,136

146,228

2,782

* The total mass in the tank as determined by

the PU system.
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DATA ACQUISITION SYSTEM

The data acquisition system is designed to collect and transmit information

describing the stage environment and performance of the stage systems. The

measurements which comprise this required information are Specified in the

Instrumentation Program and Components List (IPCL) Drawing No. IB43567.

The stage data acquisition system performed satisfactorily throughout the

acceptance firing. A measurement summary is presented in the following

table.

Measurement efficiency

Total number of measurements assigned

Total number of measurements deleted

Total number of active measurements

Measurement failures

Total successful measurements

95%

594

119

475

24

451

12.1 Instrumentation System Performance

The instrumentation system performed satisfactorily throughout the acceptance

firing. Valid data were received from 94.95 percent of the 475 active

measurements. A summary of the instrumentation system performance is

presented in table 12-1.

Measurement failures and abnormalities that occurred during the

acceptance firing are listed, with their qualification comments, in

tables 12-2 and 12-3. Measurement failures that occurred prior to

T -163 sec are listed in table 12-4. The status of the telemetry measure-
o

ments is tabulated in table 12-5; deleted non-operational telemetry

measurements are listed in table 12-6.

A detailed discussion of the major measurement failures, grouped according

to measurement types, is presented in the following paragraphs.

12.1.1 Temperature Measurements

Four temperature measurements were classified as failures for CD 614067.

Three of these failed prior to simulated liftoff and one during the coast

phase. This number of failures is relatively low and yielded a 97.8 percent

measurement efficiency. No major temperature problems occurred during the

acceptance firing.

28 September 1966
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12.1.2 Pressure Measurements

MeasurementsDO002and D0105were invalid due to turbulent flow at the

sensing ports. The transducers for these two measurementsand measurements

D0003and D0054are to relocated and an orifice installed in the pressure
sensing lines to isolate these transducers from the turbulent flow and

pressure spikes. Also, a similar phenomenoncould explain the invalid
data of measurementsD0055and D0062.

RFI susceptibility of the transducer amplifier caused measurementsD0016,

D0182, and D0183to be classified as failures. An Engineering Change
Proposal (ECP7518 Revision.l) has been approved to correct this RFI

problem. The ECPconsists of the transducer power/signal connector to
have a built-in RFI filter. This is to be effective on S-IVB-507 and
subs.

Plugged lines to the sensing ports on measurementsDO200and D0202accounted

for their failure. The circuitry for measurementsD0179and D0180appears
to have opened momentarily causing data dropout. The transducer used on

measurementD0205was rejected as being faulty.

i

12.1.3 Strain Measurements

The strain measurements were on scale at all times and the changes in

strain were of the proper magnitude; however, the apparent direction

of the strain change was incorrect. Investigation of this problem has

shown that the strain gages were incorrectly wired. Work is presently

underway to develop a method of checking the strain gage installations

for correct polarity. As the data obtained remained on'scale at all

times, it provided valid strain data for the static firing. The stage

wiring will be modified to eliminate this problem prior to flight.

12.2 Telemetry System Performance

The telemetry system performed very well during the acceptance firing.

System noise was well within acceptable limits. All reference channels

were stable and remained well within the required limits.

232
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The PAM data correlated very closely with the PCM and hardwire data with

two exceptions. Measurements D0002 and D0016 did not correlate correctly

with their hardwire measurements; D0536 and D0452. Measurements D0002

and D0016, use pressure transducer IB40242 which is RF sensitive. This

RF sensitivity is suspected as being the cause of both of these dis-

crepancies and is being studied further. Table 12-7 shows the comparison

of the telemetry system PCM, PAM, FM, and the hardwire DDAS, strip chart,

and FM. The PCM data used for correlation was stripped out using a two

percent editband; therefore, exact values for the PCM data were not

always available at the comparison time noted in the table. When this

situation occurred, the PCM values were obtained by extrapolation.

All measurements responded correctly to RACS commands.

12.2.1 Pulse Amplitude Modulation (PAM) Subsystem

The performance of the PAM subsystem was excellent. The general noise

level was well within acceptable limits. All reference channels were

stable and remained within the required limits.

12.2.2 Pulse Code Modulation (PCM) Subsystem

The performance of the PCM subsystem was excellent.

nominal. All data were accurately reduced.

The frame rate was

12.2.3 Frequency Modulation to Frequency Modulation (FM/FM) Subsystem

The performance of the FM/FM subsystem was excellent. All voltage

controlled oscillators (VCO) were within their prescribed limits
• .

(table 12-8). All data were reduced and readily interpreted.

12.2.4 Single Sideband Subsystem

The single sideband subsystem performed normally.

of all channels was confirmed by the proper reception of in-flight

calibration signals.

12.2.5 Calibrator Assembly

The calibrator assembly provided good calibration steps and signals

during the acceptance'firing.

The proper operation
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It was noted during the acceptance firing that the duration of the first

telemetrycalibrator calibration step was greater than 200 ms. The
duration and tolerance per specification of each calibration step,

except the first, is presently 140 +--5ms, and the duration of the first

step is loosely specified as approximately 200 ms.

A study of the telemetry calibrator schematics indicates that the design
of the clock circuit within the calibrator is such that the first

calibration step is and should be greater than 140 ms.

In reply to a DACrequest, NASAhas established new tolerances for the

telemetry calibrator as follows: the toleeances on the first voltage

step is 140 +105, -5 ms and consequently; a tolerance of 700 +125, -25
ms on the first staircase sequence; and a tolerance of 1,400 +150, -5 ms

on the first SSBsequence.

These newly established tolerances will be reflected in a change of the

telemetry calibrator specification, No. 50M60026.

12.2.6 Radio Frequency (RF) Subsystem

The RF subsystem performed very well throughout the acceptance firing.

A summary of the RF system performance is presented in table 12-8.

12.2.7 Tape Recorder Operation

The tape recorder operated satisfactorily during the acceptance firing.

Both analog (PAM) and digital (PCM) data were recorded and reduced

satisfactorily. The comparison between the real time (RT) and the

playbac_ (P/B) data "(digital and analog) is su_narized intables 12-9

and 12-10. Both compare well within established limits.

The normal sequence of operation for the tape recorder playback shutdo_

should be: •"Ready to Record" indication "ON", Playback "OFF" command,

with the _Ready to Record" indication remaining "ON".

When examining the tape recorder sequence data in table 12-11, it is

noted that a '!Ready to Record ON" was indicated at T +825.19 sec. A
o

"Playback OFF" command was given 110 ms later, and the "Ready to Record"

indication went OEF at T +821.9 or 300 ms after the "Playback OFF"
o

command was given.

234
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Then at T +1,300.04 sec, a "Slow Record ON" commandwas given, and
o

Ii0 ms later, the "Ready to Record" indication came "ON" and went "OFF"

in 1.7 sec (To +1,301,32 sec). This abnormal sequence is explained by

the design and operation of the "Ready to Record" sensor on the tape

which is segmented instead of one continuous metalized strip. This

strip is sensed by "fingers" which makean electrical contact to pull

in a relay which shuts off the tape recorder drive motor. Evidently

this segmented strip was sensed at T +821.19 sec. Then a "Playback
O

OFF" command was given before the tape recorder could come to a stop

caused by the "Ready to Record" circuit. It appears the tape recorder

mechanism had enough inertial energy to continue moving and finally

stopped at a point where the "fingers" were sensing a gap between the

metalized segments.

Normally the sequence is such that the "Ready to Record" circuit shuts

off the tape recorder playback instead of "Playback OFF" command. This

sequence will result in "Ready to Record ON" indication after tape

recorder playback.

12.2.8 Electromagnetic Compatibility

The data acquisition system was electromagnetically compatible with the

other stage systems; however, the radio frequencies of the data acquisi-

tion system's transmitters interferred with the operation of the pressure

transducer IB40242. As noted in paragraph 12.1.2, an Engineering

Change Proposal has been submitted to correct this problem.

12.3 Hardwire Data Acquisition System Performance

The GIS (ground instrumentation system) provides for data recording of

all measurements as specified in the S-IVB Stage Basic Static Firing

Pro rg_r__!. This system provides a backup and data comparison for certain

telemetry system parameters in addition to recording measurements from

the ground support and facility equipment. The GIS also provides

strip charts for redline and cutoff parameter monitoring. The

following table presents the type of recording equipment and the number

of channels required for the acceptance firing.

28 September 1966
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RECORDINGEQUIPMENT

Beckman210 Digital Data System
Constant Bandwidth FM

WidebandFM

Strip Charts

Total

NO. OFCHANNELS

155

44

21

37

269

With the exception of one measurement, the instrumentation performance

during the acceptance firing was very good.

Analysis of the data on measurementsE0580and E0555 indicated that the

gain settings on the AC amplifiers were wrong. Resultant investigation
revealed this to be true and the data which had been qualified as trend

only could now be used correctly by utilizing the proper gain factors.
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TABLE12-2 (Sheet 1 of 3)
TELEMETRYMEASL_Eb_NTFAILURESDURINGACCEPTANCEFIRING

MEASUREMENT
NO.

C0147-401

D0002-403

D0055-424

PARAMETER

Temp GG Oxid Inlet Line Wall

Press - Fuel Pump Inlet

Press - Oxidizer Tank Inlet

REMARKS

Acceptable data were obtained during

ist burn. Following engine cutoff

the data increased to above full

scale in a normal manner; however,

it failed to come "on scale" during

2nd burn. Dry ice was applied to

the temperature patch after the ac-

ceptance firing. The temperature

patch open circuited when the

temperature was reduced to 28 deg F.

The dry ice was then removed and as

the temperature increased the circuit

closed. The transducer has been

rejected and will be replaced.

During engine mainstage operation

in both firings this measurement de-

creased rapidly to zero pressure,
which is not a valid test condition.

This phenomenon is thought to be

caused by pressure turbulance at the

pressure sensing port. An Engineer-

ing Change Proposal (ECP No. 7538)

has been initiated to relocate this

transducer on future stages to isolate

it from this turbulence. This trans-

ducer will not be rejected or re-

placed on the S-IVB-502 stage.

This measurement provided valid data

except when the measurement output

occasionally decreased to zero volts

in a step funqtion manner. _The
duration of the invalid data shifts

varied from approximately one sec to

20 sec. The measurement was patched

to a strip chart after the acceptance

firing and no shifts in data were

observed for 2 1/2 hr. The measure-

ment system was thoroughly checked

and no anomalies were found.
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TABLE12-2 (Sheet 2 of 3)
TELEMETRYMEASL_IENTFAILURESDURINGACCEPTANCEFIRING

MEASUREMENT
NO.

D0062-424

D0105-403

VXD0179-424

VXD0180-424

E0212-403

XM0021-404

PARAMETER

Press - LH2 Circ Ret Line
Tank Inlet

Press - LOXTank Press Mod
He Gas

Press - Oxid Tank Ullage
EDS1

Press - Oxid Tank Ullage
EDS2

Vib - Gimbal Point Yaw

Current, Aft Battery No. 1

REMARKS

The data from this measurementwas
acceptable except from T -147 to To o
-I00 sec when a slight vacuumwas
indicated at the tank inlet. The
measurementwas thoroughly checked"
after the acceptance firing and no
anomalies were found.

A turbulent pressure condition at the
sensing port of the transducer in-
validated its data. An Engineering
ChangeProposal (ECPNo. 7538) has
been initiated to relocate this
transducer on future stages to
isolate it from this turbulence.
This transducer will not be rejected
or replaced on the S-IVB-502 stage.

Thesemeasurementsprovided valid
data except for occasional data drop-
outs after each engine cutoff. These
measurementswere patched to strip
charts after the acceptance firing
and monitored for a 15 hr period.
During this test no data dropouts
were observed. Evaluation of accep-
tance firing data indicated that
these dropouts were caused by the
measuring circuit opening. The
transducers were rejected and are
to be replaced.

The data from_this measurementwasl
invalid during the 2nd burn. The
transducer and amplifier have been
rejected and are to be replaced.

This measurementindicated transients
when the auxiliary pumpwas energized.
These transients are due to crosstalk
within the battery simulator modules.
Hardwire current data verify that the
transients observed on the telemetry
are not data. This crosstalk
phenomonenwill not occur when
primary batteries are installed.
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TABLE12-2 (Sheet 3 of 3)
TELEMETRYMEASUREMENTFAILURESDURINGACCEPTANCEFIRING

MEASUREMENT
NO.

XM0041-404

PARAMETER

Voltage, Phase A-C LH2
Chilldown Inverter

REMARKS

A voltage dropout having a duration
of approximately 1/2 sec noted at
TO+207 sec. This dropout is not
considered data since a voltage de-
crease in phase A-C would have re-
sulted in a voltage decrease in phase
AI-C1 which did not occur. During
checkout of this problem inadequate
insulation of the test leads caused
destruction of the voltage sensing
circuitry and the inverter phase
circuitry for phase A-C. The chill--
downinverter has been rejected and
sent to A3 for rework.

240
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TABLE12-3
MEASUREMENTABNORMALITIESDURINGACCEPT_{CEFIRING

MEASUREMENTNO. PARAMETER REMARKS

C0070-408

C0071-408

C0152-403

Temp. Fuel Tank
Wall Internal
-2

Temp. Fuel Tank
Wall Internal
-3

Temp. LOXMain
Supply Line
Flange Wall

These measurementsprovided data which
indicated that the measurementsare
crosswired on the stage. It has been
concluded that the schematic in the
measurementrequest drawings for these
parameters is incorrect. The drawings
will be corrected to reflect the
proper measurements.

The data obtained from this measurement
were off scale high throughout the firing.
The responsible design group has determined
that during ground testing, the temperature
of the flange wall will not be within the
range of the measurement. The temperature
of the flange wall is expected to be within
the measurementrange only when the stage
is in orbit. This prediction was verified
during the S-IVB-203 stage flight.
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TABLE12-4 (Sheet 1 of 2)
: MEASUREMENT FAILURES PRIOR TO T -163 SEC

o

MEASUREMENT

NO.

B0018-411

C0054-408

C0127-403

C0155-404

D0016-425

D0182-409

D0183-409

PARAMETER

Acoustic - Fwd (4800-9600

CPS) Int.

Temp Fuel Tank Position 3

Temp - Fuel Duct - 2

Temp LH2 Prevalve Bypass
Line Wall

Press Cold Helium Sphere

Press Fuel Tank Continuous

Vent 2

Press LH2 Tank Non-Prop

Vent i

REMARKS

No remote automatic checkout (RAC)

signal or data were obtained from

this measurement during the acceptance

firing,. The transducer and amplifier

have been rejected.

This measurement was "off scalehigh"

throughout Test Request 614067.

This indicated an open circuit con-

dition during the acceptance firing.
The measurement checked out correct-

ly after the acceptance firing. The

transducer resistance was 5,200 ohms

which is a nominal value for ambient

temperature. The transducer has been

rejected and is to be replaced.

The data were "off scale high"

throughout the acceptance firing.

The A3 Aero-Thermodynamic design

section has concluded the measure-

ment range is incorrect and is

processing an Engineering Change

ProposaY (ECP) to change this range.

Also, the measurement did not come

"on scale" throughout the S-IVB-203

stage flight.

No valid data were received from this

measurement. It was "off scale high"

during the firing. Although the

measurement did not indicate an open

circuit condition prior to, during,

or after the application of dry ice,

the transducer has been rejected and

is to be replaced.

These measurements are RF susceptible

and provided trend only data during

the acceptance firing. ECP 7518,

Revision I has been initiated to

correct this problem. (Refer to para-

graph 12.1.2).

]

]

]

]

]

]
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MEASUREMENT
NO.

D0200-427

D0202-427

D0205-428

E0117-411

M0046-404

N0008-411

N0024-408

Section 12
DataAcquisition System

TABLE12-4 (Sheet 2 of 2)
MEASUREMENTFAILURESPRIORTOT -163 SEC

o

PARAMETER

Press External Aft Skt #4

Press External Aft Skt #6

Press External Aft Skt #9

Vib - Forward Skirt Battery
l, 2 - Tan

Voltage, PhaseAI-BI Chill-
down Inverter

Misc - T/M 2 Antenna Refl
RF Pwr Mecs.

Misc - Fuel Liq Gas Diff
Pos 4

REMARKS

The ambient atmospheric pressures for

these measurements were 6,7,and i0 per-

cent low respectively, so these data

were classified as trend only. Post-

firing checks showed that the transducer

outputs were directly proportional to

the ambient temperature. The transducers

were rejected and sent to the calibration

lab for further testing which did not

verify these parts were temperature

sensitive. It was later determined that

the tubing to the transducer for measure-

ment DO200 was plugged, trapping air in

the line. A similar cause is suspected

for measurement D0202. Investigation

of measurement D0205 revealed a faulty

cal module which is to be replaced.

This measurement provided no data (no

output) during the acceptance firing.

The transducer has been rejected and

sent to the calibration lab for re-

calibration.

This measurement provided trend data

which were approximately 7 percent high.

During checkout of this measurement the

LH2 chilldown inverter failed which

precluded further checkout of this

measurement. The chi!idown inverter

was rejected and sent to A3.

The data were classified as trend only

as this measurement was suspected of

being RFI suscePtible. This measure,

ment is to be investigated further

during the VCL checkout at STF.

No remote automatic checkout (RAC) sig-

nal or data were obtained prior to ist

burn engine start. The data after

engine start were valid and the meas-

urement checked good after the accep-

tance firing. It is presently concluded

that the sensor circuit opened when

cryogenics were loaded and that the

initial vibraBion at engine start cleared

the open circuit condition. The sensor

has been rejected and is to be replaced.
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TABLE12-5 (Sheet 1 of 7)
TELEMETRYMEASUREMENTSTATUS

MEASUREMENTNO. PARAMETER REASON

A0005-411 Accel. Axial (Low Range)

B0022-404

B0023-404

B0024-404

C007-401

C0021-415

C0022-415

C0023-414

C0030-414

C0031-415

C0050-401

C0119-419

C0120-419

C0121-419

C0123-419

C0132-414

C0136-414
C0187-415

Acoustic Aft (50-3000CPS)
Int.

Acoustic Aft (2400-4800CPS)
Int.

Acoustic Aft (4800-9600CPS)
Int.

TempEngine Control Helium

TempAttitude Control Fuel
Module No. 2

TempAttitude Control Oxid
Module No. 2

TempAPSHe Press Tank No. I

Deleted transducer is not avail-
able (shortage).
Deleted measurementfailed.
Replacementwas not accomplished
due to schedules.

Sameas B0022-404.

Sameas B0022-404.

Open- the measurementis
disconnect from T/M per DAC
requirement for H/W and
redline monitoring.
Simulated - APSmodules not
installed for acceptance firing.
Simulated - Sameas
C0021-415.

Simulated - Sameas C0021-415.

TempAPSControl Engine
Injector Wall I-i

TempAPSControl Engine
Injector Wall 2-1

TempHydraulic PumpInlet
Oil

Temp Aft Interstage -2

TempAft Interstage -3

TempAft Interstage -4

TempAft Interstage -5

TempAPSControl Oxid No. i

TempAPSControl Fuel No. i

TempAPSHelium Pressurizing
Tank Module 2

Simulated - Sameas C0021-415.

Simulated - Sameas C0021-415.

Open- Disconnected from T/M
per SCI195Afor H/W redline
cutoff monitoring.

Open- Aft interstage not
installed f6r•acceptance firing.
Sameas C0119-419.

Sameas C0119-419.

Sameas C0119-419.

Simulated - APSmodules not
installed for the acceptance
firing.

Sameas C0132-414.
Sameas C0132-414.

28 September 1966

244 Table 12-5



{ Section 12

Data Acquisition System

TABLE 12-5 (Sheet 2 of 7)

TELEMETRY MEASUREFJ_NT STATUS

I

MEASUREMENT NO. PARAMETER REASON

C0189-414 Same as C01321414.

C0190-414

C0193-415

C0194-415

C0200-401

C0202-401

C0227-405

C0242-405

C0271-402

C0272-402

C0273-402

C0275-403

C0286-415

C0287-415

C0288-415

C0289-415

C0294-415

C0295-415

C0296-415

C0297-415

•C0298-4!5

C0299-415

C0300-415

Temp APS Engine Injector
Wall 1-2

Temp APS Engine Injector

Wall 1-3

Temp APS Engine Injector

Wall 2-2

Temp APS Engine Injector
Wall 2-3

Temp Fuel Injection

Temp LOX Pump Bearing

Coolant

Temp Electrical Tunnel -2

Temp Electrical Tunnel -4

Temp Gas Interstage Area -3

Temp Gas Interstage Area -4

Temp Gas Interstage Area -5

Temp Gas Interstage Area -7

Temp APS Fairing 2-4

Temp APS Fairing 2-5

Temp APS Fairing 2-6

Temp APS Fairing 2-7

Temp APS Fuel Line -4

Temp APS Fuel Line -5

Temp APS Fuel Line -6

Temp APS Oxidizer Line -4

Temp APS Oxidizer Line -5

Temp APS Oxidizer Line -6

Temp APS Fuel Tank -2

Same as C0132-414.

Same as C0132-414.

Same as C0132-414.

Open - Disconnect from T/M

per SC I195A for H/W recording

Open - Disconnect from T/M

per SC l195Afor H/W redling

cutoff monitoring.

Open - Electrical tunnel not

installed for acceptance firing.

Same as C0227-405.

Open - Aft interstage not

installed for acceptance

firing.

Same as C0271-402.

Same as C0271-402.

Deleted transducer is not

available (shortage).

Simulated - APS modules not

installed.

Same as C0286-415.

Same as C0286-415.

Same as C0286-415.

Same as C0286-415.

Same as C0286-4!5.

Same as C0286-415.

Same as C0286-415.

Same as C0286-415.

Same as C0286-415.

Simulated - APS modules not

installed for acceptance firing.
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TABLE12-5 (Sheet 3 of 7)
TELEMETRYMEASUREMENTSTATUS

MEASUREMENTNO. PARAMETER REASON

C0301-415

C0302-415

C0303-415

C0305-415

C0306-415
C0361-414

C0362-415

D0027-414

D0028-414

D0029-414

D0030-415

D0031-415

D0032-415

D0035-414

D0036-415

D0037-414

D0038-415

D0041-403

D0042-403

D0044-403

TempAPSOxidizer Tank -2

TempAPSFuel Control Module
-2

TempAPSOxidizer Control
Module -2

TempAft Interstage -7

TempAft Int_rstage -8

TempUllage Control Engine
Injector Wall I-4

TempUllage Control Engine
Injector Wall 2-4
Press Attitude Control
ChamberI-i

Press Attitude Control
Chamber1-2

Press Attitude Control
Chamber1-3

Press Attitude Control
Chamber2-1
Press Attitude Control
Chamber2-2

Press Attitude Control
Chamber2-3

Press APSControl He Press
Tank No. i

Press Attitude Control Helium

Press Helium Regulator
Outlet Module 1

Press Helium Regulator Outlet
Module 2

Press Hydraulic System

Press Reservoir Oil

Press Engine Actuator Pitch
Diff

Sameas C0300-415.

Sameas C0300-415.

Sameas C0300-415.

Open- Aft interstage not
installed for acceptance firing.
Sameas C0305-415.

Simulated - APSmodules not
installed for acceptance firing.
Sameas C0361-414.

Sameas C0361-414

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Sameas C0361-414.

Open- Disconnect from T/M per
I195A for H/W redline - cutoff
monitoring.
Sameas D004i-403.

Open- Disconnected per I195A
for H/W recording
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TABLE12-5 (Sheet 4 of 7)
TELEMETRYMEASURE_IENTSTATUS

Section 12
Data Acquisition System

F
"I

MEASUREMENT NO. PARAMETER REASON

D0045-403

D0052-404

D0054-410

D0070-414

D0071-414

D0072-415

D0073-415

D0097-414

D0098-414

D0099-415

D0100-415

D0153-423

D0154-421

DO155-420

D0156-422

D0187-419

D0188-419

D0189-419

D0190-419

D0191-419

Press Engine Actuator Yaw

Diff

Press Int. at Mike-Aft

Static

Press Fuel Tank Inlet

Press Oxid Supply Manifold

Module i.

Press Oxid Supply Manifold

Module i

Press Fuel Supply Manifold
Module -2

Press Oxid Supply Manifold

Module -2

Press Fuel Tank Ullage

Volume Module 1

Press Oxidizer Tank Ullage

Volume Module 1

Press Oxidizer Tank Ullage

Module 2

Press Fuel Tank Ullage Volume

Module 2

Press Chamber Retro Rocket

Position IV-I

Press Chamber Retro Rocket

Position II-III

Press Chamber Retro Rocket

Position I-II

Press Chamber Retro Rocket

Same as D0044-403

Deleted transducer is not

available (shortage).

Deleted measurement failed.

Replacement was not accomplished
due to schedules.

Simulated - APS modules not

installed for acceptance firing.

Same as D0070-414.

Same as D0070-414.

Same as D0070-414.

Same as D0070-414.

Same as D0070-414.

Same as D0070-414.

Same as D0070-414.

Installed on S-IVB, monitored

via S-ll T/M.

Same as D0153-423.

Same as D0153-423.

Same as D0153-423.

Position Ill-IV

Press Aft Interstage -9

Press Aft Interstage -I0

Press Aft Interstage -ii

Press Aft Interstage -12

Press Aft Interstage -13

Open - Aft interstage not

installed for acceptance firing.

Same as D0187-419.

Same as D0187-419. •

Same as D0187-419.

Same as D0187-419..
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TABLE12-5 (Sheet 5 of 7)
TELEMETRYMEASUREMENTSTATUS

MEASUREMENTNO. PARAMETER REASON

D0192-419

D0194-419

D0195-419

D0196-419

D0197-419

D0198-419

D0199-419

D0210-402

D0216-428

D0217-429

D0220-414

D0221-415

E0091-411

E0093-411

E0102-404

E0115-411

E0120-427

G0003-401

G0004-401

G0005-401

G0008-401

G0009-401

Press Aft Interstage -14

Press Aft Interstage -16

Press Aft Interstage -17

Press Aft Interstage -18

Press Aft Interstage -19

Press Aft Interstage -20

Press Aft Interstage -21

Press Interstage Interval -6

Press ChamberSolid Ullage
Rocket II-III

Press ChamberSolid Ullage
Rocket IV-I

Press Ullage Control Chamber
1-4

Press Ullage Control Chamber
2-4

Vib. Field Splice Position i
(LF) Thrust

Vib. Field Splice Position -
Thrust"

Vib. Natural Bending - Aft
Yaw

Vib. Fwd Skirt Battery 1-2
Thrust

Vib. APSFwdAttach Point -
RAD

Position, Main LOXValve

Position, Main Fuel Valve

Position, Gas Generator
Valve

Position, LOXTurbine Bypass
Valve

Position, GH2Start Tank
Valve

28 September1966

Sameas D0187-419.
Sameas D0187-419.

Sameas D0187-419.

Sameas D0187-419.

Sameas D0187-419

Sameas D0187-419.

Sameas D0187-419.

Sameas D0187-419.

Open- Ullage rockets not
installed for acceptance firing•
Sameas D0216-428.

Simulated - APSmodules not
installed for acceptance firing.
Sameas D0220-414.

Deleted transducer is not
available (shortage)
Sameas E0091-411

Sameas E0091-411

Deleted measurementfailed.
Replacementwas not accomplished
due to schedules.
Sameas E0i15-411. " •

Simulated - Disconnected per
SCI195A for H/W recording.
Sameas G0003-401.

Sameas G0003-401.

Sameas G0003-401.

Sameas G0003-401.

• •
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TABLE12-5 (Sheet 6 of 7)
TELEF_ETRY_ASUREMENTSTATUS

Section 12
Data Acquisition System

MEASUREMENTNO. PA_METER

K0006-401
(K535)

K0010-401

K0020-401
(K534)

K0095-401

K0116-401

Event Ignition Phase Control
Solenoid Energized

Event Thrust ChamberSpark
System ON

Event, ASI LOXValve Open

Event, Thrust ChamberLH2
Injection Temp. OK

Event, Gas Generator Valve
(K631)

K0119-401
(K632)

K0121-401

K0123-401
(K695)

K0126-401
(K558)

K0127-401
(K557)

K0128-404
(M539)

K0152-404

K0155-411

K0175-404

L0007-403

Closed

Event, Main Fuel Valve
Closed

Event, Main LOXValve Closed

Event, Start Tank Discharge
Valve Closed

EveDt, LOXBleed Valve Closed

Event, LH2 Bleed Valve Closed

Event, Switch Selector

Event, Rate Cyro Wheel
SpeedOK

Event, LH2 Cont. Vent
Orifice Bypass Closed

Event, LOXTransluner Vent
Low Pressure Switch
De-Energized
Level Reservoir Oil

REASON

Open- Recorded via N/Wper
SCI195A. Disconnected due to
GSEloading.
Sameas K0006-401

Open- Switched from T/M to
computer for stage control by
Flight MeasurementEnable
Command.

Open- Recorded via H/Wper
SCI195A. Disconnected due to
GSEloading.
Open- Switched from T/M to
computer for stage control by
Flight MeasurementEnable
Command.

Sameas K0116-401.

Sameas K0116-401.

Sameas K0116-401.

Sameas K0116-401.

Sameas K0116-401.

Sameas K0116-401.

Open- Rate cTro not installed.

Open- not connected during the
acceptance firing.
Deleted - LOXtransluner vent
pressure switch function has
been deleted.

Simulated - Disconnected from
T/M per SCI195A for H/W recording
and redline - cutoff monitoring.
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TABLE 12-5 (Sheet 7 of 7)

TELEMETRY MEASUREMENT STATUS

MEASUREMENT NO. PARAMETER REASON

N0017-411

N0054-410

Power FM/FM Transmitter 3

Output

Misc. Quality GH2 Cont.

Vent

Deleted measurement failed.

Replacement was not accomplished
due to schedules.

Open transducer is not available

(shortage).

NOTE: A transducer is defined as a shortage item if it is not installed

on the stage.
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Data Acquisition System

TABLE 12-6

DELETED NON-OPERATIONAL TELEMETRY MEASUREMENTS

MEASUREMENT PARAMETER REASON
NO.

B0022-404

B0023-404

B0024-404

D0054-410

E0115-411

E0120-427

N0017-411

Acoustic Aft (50-3006 CPS) INT.

Acoustic Aft (2400-4800) INT.

Acoustic Aft (4800-9600 CPS)

INT

Press. Fuel Tank Inlet

Vib Fwd Skirt Battery 1-2

thrus t

Vib APS #i Fwd attach point -
radial

Power, FM/FM Transmitter

No. 3 Output

The transducer and amplifier for

for these measurements failed

prior to the acceptance firings.

They will be replaced during the

post firing operations.

The flight allocated strain gage
transducer for this measurement

is RF susceptible. A waffer

blanking flange was installed

between the stage port and the

transducer port to prevent

transducer damage which could be

caused by high overpressure

transient spikes. The data thus

obtained from the measurement

were to be used for engineering

evaluation of the effects that

vibration and RF have on the

measurement; however, the trans-

ducer amplifier was damaged prior

to the acceptance firing and will

be reinstated to the flight

configuration during post firing

operations.

The amplifiers for these

measurements failed prior to the

acceptance firing and will be

replaced during post firing

operations.

This measurement failed during

the simulated static firingand

schedules precluded replacement.

During post firing checks the

measurement provided valid data

when the flight transmitter

group power was OFF. When

turned ON, the measurement

indicated a data shift. It is

presently concluded that the

measurement is RF susceptible.
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TABLE 12-8

TELEMETRY RF SYSTEM DATA

Section 12

Data Acquisition System

SYSTEM

RF Power Amplifier Output (w)

(Minimum acceptable is 12 w)

Deviation (percent of bandwidth)

Ground Station Signal Strength (uv)

0.730 KC VCO Amplitude (db)

1.7

2.3

3.0

3.9

5.4

7.35

14.5

22.0

30.0

70.0

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

KC VCO Amplitude (db)

FM/FM

I

24.6

24

12K

0 (REF)

+i

+3

+2

+5

+8

+9

+14

4-14

FM/FM
2

20.4

17

1OK

-2

0 (REF)

0

+2

+2

+5

+7

+i0

+12

+12

17

10K

0 (REF)

0

+I

+i

+5

+5

+8

+I0

+i0

PCM/FM

26.2

21KC

10K

SSB

23.2

37

10K

SYSTEM

Forward Power (w)

Reflected Power (w)

ANTENNA

1

16.8

2.0

VSWR (maximum acceptable is 4.0:1)

RF Insertion Loss (db)

(maximum acceptable is 7.5 db)

ANTENNA

2

15.2

1.9

2.1

5.2***

ANTENNA

3

19.6

2.0

i .94

5.5

ANTENNA

4

20.0

1.5

1.75

5.4

*Channel modulated

**Measurement deleted sec table 12-6

***Values obtained assuming an FM/FM transmitter No. 3 output power of 26 w

as measured during T/M "closed loop" operation after the acceptance firing.
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TABLE 12-10

TAPE RECORDER DATA COMPARISON - DIGITAL

MEASUREMENT

NO.

C0017

C0076

D0224

N0017

CO010

C0197

D0202

D0015

D0001

DO010

MOO60

M0061

PARAMETER

Temp. PU System Internal

Temp. LH2 Tank External -2

Press. LH2 Pump Interstage Internal

Misc. FM/FM Transmitter Power

Temp. Engine.Area Ambient

Temp. Primary Instru. Package

Press. Aft Skirt - E6

Press. Fuel Pump Bal Piston Cavity

Press. Thrust Chamber

Press. Gas Generator

Volt. PU Valve Control

Volt. PU Valve Pos. Feedback

SLOW RECORD

T +2,296 SEC
o

UNITS

deg R

deg R

psia

percent

deg R

deg R

psla

PCM

RT

527

444

21

102

500

537

13.3

psia

psia

psia

vdc

vdc

19

15

16

7.9

-0.3

PCM

P/B

529.

438

19

102

497

526

13.2

16

31

17

7.7

-0.6
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TABLE12-11
TAPERECORDERSEQUENCEDATA

EVENT SOURCE

SEQUENCE DATA

Fast Record ON

Ready to Record Indication OFF

Fast Record OFF

Tape Recorder Playback ON

Loss of Real Time T/M Data

Ready to Record Indication ON

Tape Recorder Playback OfF

Ready to Record Indication OFF

Pickup of Real Time T/M Data

Ready to Record Indication ON

Slow Record ON

Ready to Record Indication OFF

Slow Record Command OFF & ON (Timing)

Slow Record Command OFF & ON (Timing)
Slow Record OFF

Tape Recorder Playback ON

Loss of PCM Real Time Data

Ready to Record Indication ON

Tape Recorder Playback OFF

Pickup of Real Time PCM Data

SPEED STABILIZATION DATA

Fast Record

(maximum acceptable is 4 sec)

DER

PCM/_4

DER

SW/SEL

PAM

PCM/FM

SW/SEL

PCM/FM

PAM

PCM

DER

PCM/FM

DER

DER

DER

DER

PCM

PCM/FM
DER

PCM

TIME (sec)

T + 502.30

T° + 502.79

T° + 548.99
o

T + 774.3

T° + 774.4

T° + 821.19

T° + 821.3

T° + 821.60

T° + 821.9
o

To +1,300.15

T +1,300.04

T ° +1,301.32

T° +1,307.16/.25

T° +2,345.35/.45

T° +2,405.40
O

T +2,436.17

T ° +2,436.3

T ° +2,574.79

T ° +2,574.89

T° +2,575.1
O

1.17
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Section 13

Electrical Power and Control Systems

13.1 Stage Control System

The performance of control system items that function as a result of a

switch selector command was satisfactory as shown in the sequence of events

(section 5). The results of the evaluation of other control system

components is described in the following paragraphs.

13.1.1 J-2 Engine Control System

All event measurements verified that the engine responded properly to the

start and cutoff commands. All events occurred in the proper sequence

within the specified times.

Engine second burn was terminated by an observer cutoff. Observer cutoff

was initiated 165 ms prior to the switch selector cutoff and actuated the

prevalve delay timer. The timer output occurred 431 ms later which is

within the required limits (425 !25 ms). The main LOX and LH2 valves had

closed prior to the timer output.

13.1.2 Rangc Safety System

During engine ist burn,-the range safety system was employed for

verification of performance integrity.

Evaluation of data indicated that the parameters for all functions of this

system performed within prescribed requirements. Listed in table 13-1 are

the parameters monitored and their results.

i3.'1.3 Control Pressure Switches

Each pressure switch and its associated measurements were evaluated and a

description of their performance is presented in the following paragraphs.

K0105 Engine Pump Purge Control Regulator Backup Pressure Switch -

De-energized

(K0566) Engine Pump Purge Control Module Solenoid Valve Energized

D0050 Engine Pump Purge Regulator Pressure

The above measurements verified that this pressure switch maintained the

engine pump purge regulator pressure between 105-130 psia. The switch is

28 September 1966
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enabled only when the engine pump purge command is given. The control

valve responded during this period to the pressure switch movements.

K0184 LH2 Prepress Flight Switch - Energized
/s

D0177, D0178 Fuel Tank Ullage EDS 1 and 2 Pressure.

During the period that the 1st burn command was on, this pressure switch

was energized indicating that the ullage pressure never dropped below

28 psia. The pressure limits of the switch are 28-31 psia. At engine

start, the pressure was approximately 36 psia and leveled off at 28.5 psia.

KOI01 LH2 Prepress Control Switch - De-energized

D0177, K0178 Fuel Tank Ullage EDS 1 and 2 Pressure

During the period of time that the LH2 repress control valve command was on,

this pressure switch controlled the control valve. The pressure switch

limits are 31-34 psia. The above measurements verified that the pressure

switch functioned properly.

KO108 LOX Prepress Flight Switch - De-energized

KOI02 LOX Prepress Flight Switch - Energized

D0179, D0180 LOX Tank Ullage EDS Pressure

The above measurements verified that the pressure switch was operating. The

required pressure limits of the switch are 38-41 psia; however, the actual

pressure limits were between 38-40 psia.

KOI07 LH2 Tank Step Pressure Switch - Energized

D0177, D0178 Fuel Tank Ullage EDS I and 2 Pressure

The above measurements verified that the pressure switch performed as

required. The pressure limits of the switch are 31-34 psial

KOI31 LOX Chilldown Pump Purge Pressure Switch - De-energized

DOI03 He Pressure to LOX Pump Motor Control

D0565 LOX Chilldown Pump Purge Control Valve - Energized

The above measurements verified that the pressure switch and its control

circuitry functioned properly. The pressure limits of the switch are

38-41 psia.
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K0156LOXTank Regulator Back-up Pressure Switch - Energized
K0571 Cold Helium Shutoff Valves - Energized

D0225LOXTank Purge Control Inlet Pressure i
/

The above measurements verified that the pressure switch performed as

expected. The pressure limits of the switch are 350-465 psia.

13.1.4 Vent Valves

The LOX and LH2 vent valves are commanded open and close by GSE, by-

passing the switch selector. The vent valves responded to these commands.

The following measurements were analyzed:

Ko00i (K0532) Fuel Tank Vent Valve Closed

KO017 (K0542) Fuel Tank Vent Valve Open

K0002 (K0533) Oxid Tank Vent Valve Closed

KO016 (K0543) Oxid Tank Vent Valve Open

I

I

ir

f
t

13.1.5 Fill and Drain Valves (Fuel and LOX)

These valves responded to GSE commands and performed satisfactorily.

following measurements were analyzed:

KO003 (K0554) Fuel.Fill and Drain Valve Closed

KO019 (K0546) Fuel Fill and Drain Valve Open

K0004 (K0553) LOX Fill and Drain Valve Closed

K0018 (K0547) LOX Fill and Drain Valve Open

The

13.1.6 APS Electrical Control System _ :

The APS Simulator No. 188C was activated for verification of the APS No. i

and No. 2 engine control functions.

Engine feed valve data verified that the electrical controi system performed

within prescribed limitations. The monitored results are listed in the

following table:
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MEASUREMENT
NO.

K0132

K0133

K0134

K0135

FUNCTION

APSEng 1-1/1-3
Feed Valves Open

APSEng 1-2 Feed
Valves Open

APSEng 2-1/2-3
Feed Valves Open

APSEng 2-2 Feed
Valves Open

SPECIFIED
MINIMUMVALUE

(vdc)

3.2

3.2

3.2

3.2

ACTUAL

VALUE

. (vdc)

4.25

4.35

4.25

4.25

The specified minimum value of 3.2 vdc indicates that all of the feed

valves were open.

13.2 Electrical Power System

The electrical power system consisted of battery simulators, the LH2 and

LOX chilldown inverters, the inverter-converter, and the forward and aft

5-V excitation modules.

13.2.1 Battery Simulators

The battery simulators operated satisfactorily during the acceptance firing.

The heater circuits and the telemetry voltage, temperature, and current

outputs indicated the proper levels. The GSE ground power supplies provided

power through the simulators to the buses. The load profiles and simulator

temperatures are presented in figures 13-1 through 13-4.

13.2.2 Chilldown Inverters

The chilldown inverters performed satisfactorily. The output voltages were

within the limits of 49 to 60 V. The LH2 inverter had one output (A-I to

B-I phase) which indicated high (58.5 V), which was approximately 4.5 V

higher than all the other outputs on both the LH2 and the LOX inverters.

The cause of this problem has been established as a misadjustment of the

A-I to B-I phase of the LH2•inverter T/M module. "

13.2.3 5-V Excitation Modules

The 5-V excitation modules operated within limits. The forward 5-V module

262
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output voltage was 5.0 V; the acceptable limit is 5 +--0.05 V. The output

frequency was 2,060 cps; the acceptable tolerance is 2,000 ±200 cps. The

aft 5-_ module output voltage was 4.98 V, and the output frequency was

2,060 cps.

13.2.4 •Static Inverter-Converter

The performance of the static inverter-converter was reviewed and found to

be within limits. The output voltage remained at 114.5 V; the acceptable

limits are 115 !5 V. The 5-V output remained constant at 5.2 V; the

acceptable limit is 5 !0.5 V. The 21-V output was constant at 21.8 V; the

acceptable limit is 21 E1 V. The output frequence was 402 cps; the

acceptable limit is 400 _6 cps.

13.3 Electromagnetic Compatibility

Refer to paragraph 12.2.8.
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TABLE 13-1

RANGE SAFETY SYSTEM SEQUENCE DATA

MEASUREMENT

NO.

N0058-411

K0098-411

N0059-411

K0099-411

M0030-411

M0031-411

N0058-411

K0098-411

N0059-411

K0099-411

M0030-411

K0141-411

M0031-411

K0141-411

N0058-411

K0098-411

N0059-411

K0099-411

N0057-411

N0056-411

FUNCTION

Range Safety Arm & Cutoff Command On

Range Safety #i Decoder Output Ind

Range Safety #i Arm & Cutoff Ind On

Range Safety #2 Decoder Output Ind

Range Safety #2 Arm & Cutoff Ind On

Range Safety EBW #i Charged (4..3 vdc)

Range Safety EBW #2 Charged (4.3 vdc)

Range Safety Destruct Command _

Range Safety #i DeGoder Output Ind

Range Safety #i Destruct Ind On

Range Safety #2 Decoder Output Ind

Range Safety #2 Destruct Ind On

Range Safety EBW #i Fired (1.5 vdc)

Range Safety EBW #i Pulse Sensor Ind

Range Safety EBW #2 Fired (1.5 vdc)

Range Safety EBW #2 Pulse Sensor Ind

Range Safety Safe Command On

Range Safety #i Decoder Output Ind

Range Safety #I Destruct Ind Dropout

Range Safety #2 Decoder Output Ind

Range Safety #2 Destruct Ind Dropout

Range Safety #i Signal Strength

Dropout

Range Safety #2 Signal Strength

Dropout

TIME FROM T (sec)
O

534.8

534.9

535.2

534.9

535.2

536.0

536.0

539.8

539.9

540.2

539.9

540.2

540.3

540.5

540.3

540.5

545.0

545.0

545.3

545.0

545.3

545..0

545.0

SIGNAL STRENGTH DATA

MEASUREMENT

NO.

N0057-411

N0056-411

N0065-411

FUNCTION

Range Safety #i Low Level

Signal Strength

Range Safety #2 High Level

Low Level Signal Strength

NOMINAL

VALUE

3.60 vdc

1.50 vdc

4.00 vdc

MAXIMUM

VALUE

3.70 vdc

2.50 vdc

4.00 vdc

MINIMUM

VALUE

3.60 vdc

1.00 vdc

3.80 vdc
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14. HYDRAULIC SYSTEM

14.1 Hydraulic System Operation

The hydraulic system test program was successfully completed during

CD 634199. The countdown consisted of a 153-sec ist burn, a

simulated orbital coast period during which the auxiliary pump was off for

77 min, 19 sec, and a 2nd burn of 295 sec. The engine restrainer links were

dropped and a gimbal program run during the 2nd burn. Test plan

objectives were satisfied and all system variables operated within design

limits. Significant event times are shown in the following table (times are

approximate but of adequate accuracy for hydraulic system evaluation):

EVENT

Auxiliary Pump ON

Engine Start/Engine-Driven Pump START

Engine Cutoff/Engine-Driven Pump STOP

Auxiliary Pump OFF

Auxiliary Pump ON

Engine Start/Engine-Driven Pump START

Engine Support Links DROPPED

Gimbal Program START

Gimbal Program STOP

Engine Cutoff/Engine-Driven Pump STOP

Auxiliary Pump OFF

TIME (sec)

T
o

-606

512

665

721

5,360

6,112

T2

-752

0

26

28

83

295

300

T = Time from simulated liftoff (14:111:13.000 range time)
o

T 2 = Time from restart engine ignition (15:53:05.212 range time)
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14.2 System Pressure at Salient Times

The GN2 precharge of the accumulator was 2,233 psia at 52 deg F, corresponding

to a corrected value of 2,315 psia at 70 deg F. The auxiliary pump compen-

sator regulated to 3,620 psia (system leakage flow) and the engine-driven

pump was slightly higher, at 3,640 psia. Overshoot during the engine 1st

burn was 3,690 psia, and 3,720 psia during engine 2nd burn. GN2 pressure

data duplicated all trends in the system pressure data, and though lower,

were within the allowable data acquisition accuracy. The accumulator piston

did not bottom in the oil-filled direction.

Reservoir pressure was 7% psia prior to the ist burn auxiliary pump "ON"

and 78 psia prior to 2nd burn auxiliary pump "ON."

Significant pressures at salient times are shown in the following table:

TIME (sec) SYSTEM PRESSURE (psia) RESERVOIR PRESSURE (psia)

T -606
o

T +512
o

T +721
o

T2 -752

T2 +0

T2 +28 to 83

T 2 +300

3,620

3,640

3,620

3,615

3,630

3,670 to 3,580

3,630

164 to 175

176

176

172

176

176 to 174

176:.

272

14.3 Reservoir Level at Salient Times

Reservoir level (prior to 2nd burn) was 93.5 percent at an approximate

average system temperature of 75 deg F, equivalent to 92.5 percent at

68 deg F. "Minimum level during the ist burn system operation was 31.5 percent

and during the 2nd burn system operation was 38 percent. Following auxiliary

pump "OFF," the level was 99.5 percent after Ist burn operation and i00 percent
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after 2nd burn operation; fluid thermal expansion was insufficient to vent

overboard. Significant reservoir levels at salient times are shownin the

following table:
/

TIME (sec) RESERVOIR LEVEL (%)

T -606
O

T +512
O

T +721
O

T2 -752

T2 +300

90.5 to 31.7

35 to 34.3

35.7 to 99.5

93.5 to 37

42.5 to i00

14.4 Hydraulic Fluid Temperature

The following table is a history of hydraulic fluid temperatures:

TIME (sec)

T -606
o

T +0
O

T +512
O

T +721
O

T2 -752

T2 +0

T2 +28 to 83

T2 +300

ENGINE-DRIVEN

PUMP INLET (°F)

81 to 47

97

114

122

106 to 75

112

116 min

124 max

130 to 157

RESERVOIR (°F)

39

76

95

99

78

i.

i01

i01 to 105

ii0

PITCH ACTUATOR

(°F)

63

72

7O

68

72_

124 max

86

YAW ACTUATOR

(°F)

71

78

80

78

84 " o

i01 max

90

Accumulator GN2 temperature was a constant 60 deg•F during the ist burn

system operation, and a constant 71 deg F during the 2nd burn system

operation.
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14.5 Engine Sideloads

Peak loads in the support links during both engine starts were Corrected for

prestart bias and are shown in the following table:

EVENT PITCH LINK (ibf) YAW LINK (ibf)

ist Start Transients

2nd Start Transients

+9;000

-I0,000

+9,000

-14,000

+14,000

-23,000

+15,000

-22,000

14.6 Hydraulic Fluid Flowrates

The following fluid flowrates were averaged from reservoir fill and empty

rates during system operation:

ITEM

System Internal Leakage

Auxiliary Pump Flowrate

FLOW (gpm)

0.73

1.85

ALLOWABLE (gpm)

0.40 to 0.80

1.50 min

274
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15. FLIGHT CONTROL SYSTEM

The following dynamic resoonse characteristics of the J-2 engine gimbaling

system were obtained during the acceptance firing of the S-IVB-502 stage.

In each category, the system met the response requirements defined by the

test objectives.

15.1 Thrust Vector Control System Response

The gain and phase lag response of the pitch and yaw actuators to a 0.5

deg sinusoidal command is shown in figures 15-1 and 15-2. The acceptance

firing limits are also shown, as noted the gain and phase response data

fall within the limits.

The actuator differential pressure frequency response to a 0.5 deg

sinusoidal command is sho_ in figure 15-3. The frequency response predicted

using a mathematical model of the system is also shown. Close agreement

is seen between the predicted response and the test response.

The frequency response of the control system at 1.0 cps for 5oth the 0.5

and 0.25 deg command is presented in the following table:

Sinusoidal Command

(deg)

0.25 - pitch

0.50 - pitch

0.25 - yaw

0.50 - yaw

Command

Frequency

(cps)

0.97

0.98

1.00

0.962

Phase Lag

(deg)

-25

-25

-25

-30

Gain

(db)

+0.4

+0.83

-0.4

-0.45

15.2 Actuator Slew Rate

The actuator slew rate was obtained from the actuator piston position

response to a 2 deg step command. A typical actuator transient response

is shown in figure 15-4. A tabulation of the slew rates for both the

pitch and yaw step commands is shown in the following table:

28 September 1966

275



Section 15
Flight Control System

Actuator
Command

Extend
0 to 2.0 deg

Retract
2.0 to 0 deg

Retract
0 to 2.0 deg

Extend
2.0 to 0 deg

Pitch Plane

Actuator

(in/sec)

2.75

2.36

2.3

2.3

Engine

(deg/sec)

13.3

Ii .4

ii.i

Ii .I

Yaw Plane

Actuator Engine

(in/sec) (deg/sec)

2.4

2.39

2.3

2.24

ii .6

11.56

ii .i

I0.8

The minimum actuator piston rate was 2.24 in./sec, corresponding to an

engine slew rate of 10.8 deg/sec (using the conversion factor of 4.83 deg

of engine deflection per in. of actuator piston deflection). Thus, in all

cases, the gimbal rates exceeded the minimum acceptable rate of 8.0 deg/sec

of engine rate or 1.66 in/sec of actuator piston rate.

276

15.3 Cross-Axis Coupling

Cross-axis coupling is obtained from actuator piston differential pressure

data. The cross-axis coupling from the yaw to pitch plane and from the

pitch to yaw plane did not exceed 15 percent.
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Section 16

Structural Systems

STRUCTURAL SYSTEMS

Structural integrity of the S-IVB-502 stage was maintained for the vibration,

temperature, and thrust load conditions of the acceptance firing. Minor

structural deformations and debonding occurred, but these discrepancies have

been corrected or disposed of as discussed in the following paragraphs.

16.1 Common Bulkhead

A post-acceptance firing visual inspection of the common bulkhead disclosed

no abnormalities on tile forward face. A dye check of the forward face weld

seams revealed no cracks, porosity, or other defects. The gas samples taken

from the interior of the common bulkhead indicated approximately six percent

of the gas contents was helium, whereas the normal content of helium is

usually less than one percent; however, this relatively high percentage of

helium was approximately constant from the time prior to propellant loading

until completion of postfire securing. This stabilized condition indicates

the helium was introduced into the bulkhead prior to the first sampling and

not as a result of leakage from the tanks during this period. These results,

combined with satisfactory common bulkhead pressure decay checks and total

gas sample surveys, indicate the dome portion of the bulkhead is sound. The

results of the pressure checks and gas surveys are presented in DAC Report

SM-37539, S-IVB-502 Stage Acceptance Firing 15 Day Report, dated August 1966.

16.2 LH2 Tank Liner

A visual inspection of the LH2 tank interior during postfiring checkout re-

vealed no voids under the fiberglas cloth liner, such as were found in the

S-IVB-205 and S-IVB-501 stages. A forty-inch long hairline crack, and two

approximately one-inch long cracks were found in the liner. The cracks were

repaired by bonding strips of glass cloth over the damaged areas, and

then coating with resin.

16.3 Exterior Structure

•A visual exterior inspection of the stage thrust structure, LOX Tank aft

dome, aft skirt, LH2 tank cylindrical section, LH2 tank forward dome, and

forward skirt revealed no structural damage after the ist bur_, simulated

orbital coast, and 2nd.burn, with the exception of partial debonding of

supports. Ten Nylafil posts and one tunnel strap were found partially
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debonded iN the main tunnel, and one'Nylafil post, each, was found partially

debonded in the auxiliary tunnel and on the aft dome. The main tunnel strap

had only one finger debonded with the remaining portion of the strap holding

well. These supports were removed and rebonded after cleaning and priming

the metal surfaces.

16.4 Thermal Protective Coating

A visual inspection revealed cracking and peeling of the Korotherm ablative

coating on the forward skirt skin along each side of the main and auxiliary

tunnels. This sprayed-on coating is used to control aerodynamic heating of

the skin, external stringers, and underlying intercostals. All Korotherm

was removed from the areas surrounding the tunnels. The adhesive surface

was prepared using an epoxy base primer which has proven to be superior to

the previously used wash primer. New Korotherm was applied and a silicone

external coat was then added over the Korotherm to protect against moisture

absorption.

16.5 Aft Purge Duct Seal

After acceptance firing, partial debonding of the glass cloth purge duct

seal from the LOX tank dome was detected. The cloth was rebonded to the

dome after proper metal surface preparation. A new seal design, which

should eliminate this recurring problem, is scheduled to be phased in with

the S-IVB-503 and S-IVB-207 stages.

16.6 Strain Gage Instrumentation

Strain gage readings recorded during the acceptance firing indicate incorrect

polarity for aft skirt gage installations. Since no load change occurred in

the forward skirt, the responses of the forward skirt strain gages could not

be evaluated. A detailed checkout of all strain gage systems is planned, and

polarities will be corrected as required.

282

28 September 1966



i
q

Section 17

Thermoconditioningand Purge Systems

17. THE_4OCONDITIONING AND PURGE SYSTEM

17.1 Aft Skirt Thermoconditioning and Purge Systems

The aft skirt air purge was initiated prior to LOX loading, switched to GN2

prior to LH2 loading and maintained throughout the ist burn, orbital coast,

2nd burn, and until completion of final tank purges. The system performed

satisfactorily throughout the acceptance firing; however, a postfiring

inspection revealed that the purge system main manifold membrane had become

debonded from the LOX dome. The membrane will be rebonded. A new main

manifold design which eliminates the LOX dome attachment has been incorporated

on S-IVB-503 and subs and S-IVB-207 and subs.

17.1.1 Aft Skirt GN2 Flowrate

The GN2 flowrate was maintained between 3,400 and 3,550 scfm.

17.1.2 Aft Skirt GN2 Temperatures

The aft skirt umbilical inlet temperature (C0700) remained constant at

102 deg F throughout the acceptance firing. GN2 temperature at the

auxiliary propulsion system (APS) module thermoconditioning system outlet

sensors (C0663) was essentially constant at 90 deg F. Design temperature

at the outlet sensors is 87 !5 deg F.

17.1.3 Aft Skirt Umbilical Inlet Pressure

The umbilical inlet pressure (D0767) was approximately 12.0 in. H20.

17'.1.4 Non-Flight Hardware

a. APS Modules:

The flight modules were replaced with two APS simulators (P/N

IB70970). These replacements functionally represent the flight

module thermoconditioning system.

Do Aft Interstage:

The Model DSV-4B-540 dummy interstage was used to support the stage

on the test stand. Use of the dummy interstage lowers the aft
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17.2

skirt purge system internal pressure very slightly, but does

not materially affect the overall system purge capabilities.

Forward Skirt Environmental Control and Thermoconditioning System

The forward skirt GN2 purge was initiated prior to LOX loading and maintained

throughout the acceptance firing until completion of final tank purges.

The Model DSV-4B-359 thermoconditioning system servicer circulated thermally

conditioned fluid through the 16 cold plates.

17.2.1 Forward Skirt GN2 Flowrate

The GN2 flowrate was maintained at design conditions of 500-600 scfm.

17.2.2 Forward Skirt GN2 Temperature

The forward skirt GN2 internal temperature (C0768) remained between 70 and

78 deg F.

17.2.3 Forward Skirt Internal Pressure

The forward skirt internal pressure (D0868) was essentially constant at

0.85 in. H20. The forward skirt relief valve setting is 2.0 in. H20.

17.2.4 Forward Skirt Thermoconditioning System Temperature

The thermoconditioning system fluid inlet temperatures (C0753) cycled in a

normal manner between 50 and 55 deg F.

17.2.5 Non-Flight Hardware

Model DSV-4B-359 Thermoconditioning System Servicer:

The servicer supplies thermally conditioned fluid to the forward skirt cold

plates during all field station operations requiring power to the forward

skirt electronic equipment. When staged, the cold plates rill receive

fluid from the NASA Instrumentation Unit thermoconditioning system.

284
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Section 18

Acoustic and Vibration Environment

ACOUSTIC AND VIBRATION ENVIRONMENT

There were a total of 52 vibration, 14 acoustical, and 2 static pressure

measurements planned for the acceptance firing. Four vibration and three

acoustical measurements were deleted prior to the firing due to problems in

the measurement system. Of the remaining 61 active measurements, two

vibration measurements and one acoustical measurement provided no usable

data due to instrumentation malfunctions.

In general, the stage dynamic environment was very similar to the S-IVB-501

stage acceptance firing.

18.1 Data Acquisition

Thirty-seven vibration, 12 acoustical, and 2 static pressure measurements

were acquired via the stage telemetry system which included SSB/FM, FM/FM,

and PAM/FM links. The ground instrumentation system (hardwire) was used

to obtain an additional 15 vibration and 2 acoustical measurements. A

list of the measurements is presented in table 18-1 and the transducer

locations are shown in figure 18-i. Included in the table are

composite levels measured during start transient and mainstage of Ist

and 2nd burns. For comparison purposes, the mainstage levels from past

acceptance firings for similarly located measurements are also presented.

The composite signal on magnetic tape was initially stripped out on

oscillograms from which the data were qualified and sample time intervals

were selected for spectrum analysis. The spectrum analyses are in the

form of power spectral density (PSD) for the vibration data and one-third

octave band for the acoustic data. Due to the inherent characteristics

of the SSB/FM system, it should be noted that the data levels are

attenuated below 150 cps and no valid data are obtained below 50 cps.

The spectrum plots from the SSB/FM measurements were not corrected for

the attenuation because no amplitude correction data are now available.

18.2 Vibration Measurements

The vibration measurements were grouped into engine, basic structure, and

component measurements. In most cases, the measurements were categorized
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into a specific zone of the S-IVB stage and the data were compared to the

appropriate random test levels specified in Design MemoIIOA, dated

3 August 1964. Also included in the figures are PSDsfrom past acceptance
firings for comparison purposes. Since the vibration environments were

similar during ist and 2nd burns, only PSDsfrom the 2nd burn mainstage
are shown. Because of the short duration of_he-start transients
(approximately 2 sec), these data were ommltted.

18.2.1 Engine Measurements

Three measurements were made on the combustion chamber dome. Measurements

E0706 and E0707, obtained via hardwire (H/W), were installed to monitor

for rough combustion during acceptance firing; measurement E0209, obtained

via the stage telemetry (T/M) system, provided data during both acceptance

firing and flight ....

Vibration measurements on the engine propellant pumps consisted of one

T/M and one H/W measurement on each pump. These measurements were made

to provide a means of assessing the turbopump operation in the event of a

suspected turbopump malgunction. Data from the hardwire measurement on

the LH2 turbopump (E0556) were not usable during the first 19 sec Of each

burn due to dc shifts; however, the remaining porti0ns were Usable and of

much better quality than obtained on the three preceedlng acceptance

firings (S-IVB stages -204, -205, and -501).

Three measurements were located on the engine gimbal block and oriented

in the thrust, pitch and yaw directions. The measurements in the thrust

(E0090) and pitch (E0213) directions produced good data; however, no data

were obtained from the yaw direction measurement (E02i2) due to an

instrumentation malfunction.

Plots of the data from the engine measurements are shown in figure 18-2

with corresponding data from S-IVB-501 stage acceptance firing and

specification test levels where available. The high vibration level

indicated by the SSB measurement (E0211) on the LOX turbopump may be due

to accelerometer mounting block amplification. This is indicated by the

fact that measurement E0555, also on the LOX pump, but attached without

a mounting block, indicated considerably lower levels.
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Acoustic and Vibration Environment

f

i

18.2.2 Basic Structure Measurements

Basic structure measurements included seven on the forward skirt, two on

the thrust structure, and two on the aft skirt.

The measurements on the forward skirt were located on the field splice;

four at position I and three at position II. Both locations were

monitored in the thrust, pitch and yaw directions, and in addition, the

thrust measurement system at position I had a dual output capability.

The dual output system, which was to provide both a low and a high

frequency range output, was found inoperative prior to the firing and

the two measurements were therefore deleted. PSDs of the data obtained

from the valid measurements are compared with specification test levels

and S-IVB-501 stage acceptance firing levels in figure 18-3. The

comparisons show that the measured levels were less than specification

test levels at all frequencies, and in general, the spectra from both

acceptance firings were the same.

Data obtained from measurements on the thrust structure, stringer 19

(E0611 and E0612), are also show-n in figure 18-3. These data are

contrasted with data from S-IVB--202 stage acceptance firing where the

accelerometers were not mounted on the stringer but were erroneously located

on the thrust structure skin adjacent to the stringer. It can be seen that

changing the accelerometer location from the skin to a stringer, lowers

the measured levels below the specification test level which was not

intended to encompass skin vibration levels.

One aft skirt structure measurement was obtained in'the thrust direction

near position II at station 2748 (E0092). This station number corresponds

to the S-IVB aft interstage/aft skirt explosive separation cutting plane.

A second aft skirt structure measurement was made on stringer I0 at

station 2766 (E0607, radial). This is in the vicinity of the aft skirt

battery. Results of these measurements, presented in figure 18-3,

indicate that the acceptance firing levels ar_ considerably less than

test specifications.
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18.2.3 Thrust Structure Components

Accelerometers were located on the thrust structure near the attach points

of the ambient helium sphere, the LH2 feedline, and the auxiliary hydraulic

pump. In addition, one accelerometer was mounted on the oxidizer ullage

pressure tray to measure vibration inputto the oxidizer ullage pressure

transducer. The data measured at these locations are presented in

figure 18-4 and compared to test specifications, where available. These

data indicate that the specification test levels were exceeded at the

higher frequencies on both the ambient helium sphere and the LH2 feedline;

however, it is believed that the higher frequencies are not critical

since the significant dynamic response of these components occurs at low

frequencies. Also, there were no vibration related problems reported.

Plots of the measured vibration levels near the auxiliary hydraulic pump

on both the S-IVB-202 stage and the S-IVB-502 stage acceptance firings

are compared to the pump vibration specification. The accelerometers

were located on the thrust structure skin on the E-IVB-202 stag@, and on

a stiffener on the S-IVB-502 stage. The levels measured on the stiffener

are considerably lower than the test specification levels. The S-IVB-202

levels, which were erroneously located on the skin, are not indicative

of the pump input and are not directly applicable for comparison with the

specification.

18.2.4 Aft Skirt Components

Accelerometers were located to measure the vibration environment of the

sequence and Switch selector panels, APS module attach point, and

umbilical plate. Vibration levels at these components are shown in

figure 18-5, with available S-IVB-501 stage acceptance firing and

specification test levels for comparison.

Two accelerometers (input) were located on the intercostal to which the

vibration isolated sequencer panel is mounted and one (response) was

located on the panel. The vibration input to the panel exceeded

specification at 700 and 1,200 cps, but measured response on the panel

was well below the specification at all frequencies.

o
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Acoustic and Vibration Environment

Input and response vibration was also obtained on the switch selector panel.

The input levels exceeded specification, but response levels were lower

than specification. These results indicate that the panel vibration

isolators are effectively attenuating the high levels.

PSDs of the thrust direction data from both the sequencer and switch

selector panels (E0103 and E0106) did not compare well with those obtained

from S-IVB-501 stage acceptance firing. The same measurements will be

repeated on the S-IVB-503 stage acceptance firing at which time

inconsistency may be resolved.

The accelerometers at the APS module were located at the forward and aft

attach points on the aft skirt structure. One measurement (E0120) was

deleted prior to the firing due to a measurement system failure. The two

remaining active measurements showed the vibration levels were considerably

lower than specifications.

Measurements were made in the thrust and radial directions on the aft

umbilical plate near the LH2 duct. PSDs of the data, shown in figure 18-5,

are composed primarily of low frequency energy. The measured levels were

well below specification test levels.

t

18.2.5 LH2 Tank and Forward Skirt Components

Three radial direction measurements were located on the LH2 tank cylinder.

Measurement E0532 was located at the base of a cold He sphere and E0589

and E0062 were near the PU probe support structure approximately 6-in.

•apart. The 6-in. difference in location may accoun_ for the fact that the

PSDs, shown in figure 18-6, indicate higher levels for E0589 (H/W) above

350 cps. The vibration levels measured at these locations were less than

specification test levels.

Thrust and radial input vibration and radial response vibration were

measured on the PU electronics panel and the EBW range safety panel. The

data from these six measurements are compared with the S-IVB-501 stage

acceptance firing levels and specification test levels in figure 18-6.

The plots show very good agreement between the acceptance firing levels

and also show that these levels are adequately covered by the test

specifications. It can. be seen (by comparing input with response) that

the panel vibration isolators are effectively isolating thepanel.
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18.3 Acoustic Measurements

Acoustic measurements were made on the forward dome, thrust structure,

and internal and external to the forward and aft skirt structure. The

forward dome and thrust structure measurements were acquired via hardwire

link which provided data from 20 cps to beyond 3,000 cps. The internal

and external measurements on the forward and aft skirts were acquired via

SSB/FM and PAM/FM telemetry links. The SSB/FM !ink provided composite

data between 50 cps, and 3,000 cps. The PAM/_ link provided the rms

data level of two-octave bands (2,400/4,800 and 4,800/9,600 cps). These

rms values are shown in table 18-1.

Three aft skirt internal acoustic measurements (B0022, B0023, and B0024)

were deleted prior to the firing due to a malfunction in the measurement

system. One PAM measurement channel (B0018) was inactive during the

firing. The data levels from the active measurements were within the

range established on prior S-IVB stage acceptance firings.

The internal measurements in the forward area produced different spectra.

The B0016 microphone was installed behind a cold plate panel and used

SSB/FM. The location may have been reverberant at some frequencies and

the low frequencies .may have been attenuated by the SSB/FM link. The dome

microphone (B0504) was almost unobstructed and its data were acquired via

hardwire with a flat frequency response.

The spectra of the aft area measurements also differed. Measurement B0019,

was acquired via SSB/FM and BO503 was acquired via hardwlre link. This

may account for the lower levels on the SSB/FM measurement below 150 cps. "

Each of the five measurements indicated sound pressure spectra below the

design specification IIOA; therefore, the acoustic environment of the

S-IVB-502 stage during acceptance firing is considered to have been

within safe limits.
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SUMMARY

Acoustic and Vibration

TABLE 18-1

OF ACOUSTIC AND VIBRATION MEASUREMENTS

Section 18

Environment

I

t

{

.t

MEASUREMENT

NO.

R0041-403

E0042-403

E0043-403

E0061-403

EOOb2-409

E0090-403

E0091-404

E0092-404

EOO93-4L1

EOO94-41L

E0095-411

E0096-411

E0097-411

E0098-411

E0103-404

E0104-404

E0105-404

EO106-404

E0107-404

E0108-404

EOI09-411

EOIIO-411

SOIl1-411

E0112-411

E0113-411

E0114-411

E0115-411

EOIlb-411

B0117-411

EO118-427

EO119-427

EO120-427

EO209-401

EO210-401

E0211-401

E0212-403

EO213-403

EO532-405

EO555-401

80556-401

E0580-424

E0589-405

B0590-405

EO605-422

E0606-427

EO607-404

EO609-403

E0610-403

EO611-403

EO612-403

E0106-B03

E0707-B03

B0016_411

BOO17-411

BO018-411

BO019-427

BO020-427

H0021-427

B0022-404

B0023-404

BOO24-40_

B0025-426

B0026-426

B0027-426

B503-403

8504-411

DO051-411

DOO52-404

PARAMETER

VIBRATION (T_)

Thrust Structure at Helium Bottle

Thrust Structure at Helium Bottle

Thrust Structure at Helium Bottle

LN2 Transfer Line at Thrust Structure

L_2 Tank Skin and P.U. P_obe Support

Clmbal Point

Field Splice at Position I (Low Frequency)
Aft Skirt at Position II, Station 2748

Field Splice at Position I

Field Splice at Position 1

Field Splice at Position I

Field Splice at Position II

Field Splice at Position II

Field Splice at Position II

Aft Skirt Sequencer Panel

Aft Skirt Sequencer Assembly

Aft Skirt Sequencer Panel

Aft Skirt Switch Selector Panel

Aft Skirt Switch Selector Assembly

Aft Skirt Switch Selector Panel

Forward Skirt P.U. Electronics Panel

Forward Skirt P.U. Electronics Assembly

Forward Skirt P.U. Electromlcs Panel

Forward Skirt EBW Range Safety Panel

Forward Skirt EBW Range Safety Assembly

Forward Skirt EBW Range Safety Panel

Forward Skirt Batteries _i and #2

Forward Skirt Batteries #l and _2

Forward Skirt Batteries #I and #2

APS Module I, Aft Attach Point

APS Module l, Aft Attach Point

APS Module I0 Forward Attach Point

Combustion Chamber Do_e

LH2 Turbo Pump

LOX Turbo Pump

GImbal Point

Glmbal Point

VIBRATION (HW)

Cold Helium Sphere, Attach Po_t

LOX Turbo pump

LH2 Turbo Pump

LOX Tank Ullage Pressure Transducer Tray
LH2 _ank P.U. Probe

LOX Tank P.U. Probe

Aft Skirt Umbilical Plate

Aft Skirt Umbilical Plate

Aft Skirt Structure, Stringer I0, Station

2766

Auxiliary Hydraulic Pump Input

Auxiliary Hydraulic Pump Input

Thrust Structure, Stringer 19, Statlon
2_O9

Thrust Structure, Stringer 19, Station
2702

Vibration Safety Cutoff _2

Vihration Safety C_toff #I

ACOUSTIC (TM)

Forward Skirt at Position If, Station 3216

Forward Skirt at Position [1, Station 3216

Forward Skirt at Position If, Station 3216

Aft Skirt at Position II, Station 2880

Aft Skirt at Position II, Station 2880

Aft Skirt at Positio_ ll_ Station 7S80

Aft Skirt at Position II, Station 2880

Aft Skirt at Position II, Station 2880

Aft Skirt at Posit_on II, Station 2_80

Forward Skirt at Position 1, Station 3220

Forward Skirt at Position I, Station 3220

Forward Skirt at Position I, Station 3220

ACOUSTIC (UW)

GImbal Point

Forward Skirt

STATIC PRESSURE (TM)

Forward Skirt at Microphone

Aft Skirt at Microphone

I DIRECTION FREQUENCY ;
P_LWGE (cps)

Thrust 50-3000

Pitch 50-3000

Yaw 50-3000

Thrust 50-3000

Radial 50-3000

i Thrust 50-3000

Thrust 5-440

Thrust 5-440

Thrust 50-3000

Pitch 50-3000

Yaw 50-3000

Thrust 50-3000

Pitch 50-3000

Yaw 50-3000

Thrust 50-3000

Radial 50-3000

Radial 50-3000

Thrust 50-3000

Radial 50-3000

Radial 50-3000

Thrust 50-3000

Radial 50-3000

Radial 50-3000

Thrust 50-3000

Radial 50-3000

Radial 50-3000

Thrust 50-3000

Radial 50-3000
I Tangential 50-3000

Thrust 50-3000

! Radial 50-3000

Radial I 50-3000
p

Thrust ] 50-3000
Lateral _ 50-3000

Lateral I 50-3000

Yaw I 50-3000
Pitch , 50-3000"

Radial 20-3000

Radial 20-3000

Radial 20-3000

Normal 20-3000

I Radial 20-3000

Thrust 20-3000

Radlal 20-3000

Thrust 20-3000

Radial 20-3000

Thrust 20-3000

Radial 20-3000

Normal 20-3000

Normal 20-3000

Thrust 20-3000

Thrust 20-3000

(Location)

Internal 50-3000

Internal 2400-4800

Internal 4800-9600

External 50-3000

External 2400-4800

External 4800-9600

internal 50-3000

Internal 2400-4800

Inter_al 4g00-9600

External 50-3000

External 2400-4800

External 4800-9600

N/A i0-3,O00

Internal i0-'3,000"

NM - Measurement not monitored during time period due to time sharing.

I - Invalid data.

dDB " Measurement deleted prior to firing due to iflstrumentatlon problems.Sound pressure level :e. 0.0002 dynes/cm 2

I

Ist BURN I
I

START
MAINSTAGE ;

TRANSIENT

(Grms) (Crms) I

7.4

NM 10.6

NM 8.3

NM 5.5

4.O 2.8

3.4 3.6

D D

0.7 0.7

D D

NM 3.3

NM 1.1

NM 1.3

NM 1.3

2.6 2.2

NM 5.3

NM 3.1

NM 6.6

5.5 4.8

6.2 5.1

NM 6.0

N_ 1.4

1.6 1.3

3.4 2.8

NM 1.0

_I 0.9

NM 1.6

D D

1.4 l.l

I I

h_ 2.2

NM 2.8

D D

7.0

12.6 12.1

37.4 15.5

._ 5.2

_,_ 6.0

1.8 1.4

2.6 1.6

l 8.7

17.2 16.3

11.6 8.3

l I

2.9 2.2

1.6 1.2

5.3 4.4

9 .o 7.5

8.7 7.1

8.7 7.0

ii.i 8.2

6 .i 6.2

5.6 5.3

(dB) (dS)

134 132

130 126

I [

IL9 146

140 137

155 134

D D

D D

D D

142 140

130 129

129 125

154 150

133 128

(psia) (psla)

14.2 14.2

2nd BURN

START
MAINSTAGE

FRANSIENT

(Crms) (Grms)

14.0 9.8

NM 14.7

NM • 11.6

NM 7.7

NM 4.5

4.3 4.4

D D

NM O.7

D D

NM 4.1

NM 1.3

2.2 1.6

2.2 1.7

NM 2.8

NM 7.O

NM 4.1

NM 8.3

NM 6.3

NM 6.8

9.7 7.3

NM 1.8

NM 1.6

NM 3.4

1.2 1.3

1.4 1.0

NM 2.5

D D

NM 1,6

I l

3.6 3.0

NM 3.9

D D

NM 8.9

NM 14.4

h_ 34.2

I I

5.1 6.0

2.0 1.7

216 6.57.2

21.6 19 .i

ii.I iO.i

I I

3.2 2.2

1.8 1.3

6.0 4.6

10.2 7.4

9.7 6.9

10.2 7.1

13.0 8.6

6.3 6.1

5.9 S .O

(dB) (dB)

136 132

130 126

I I

151 148

140 137

136 133

D D

D D

D D

146 141

130 128

125 125

150

127

(psia)

14.2

14.2

154 ..
133

(psia)"

14.2

14.2

*Com_arison Values

No S_nbol = S-IVB-501 2nd Burn Malnstage
F = S-IVB-202 Mainstage

_IC = No Comparison

COMPARI SON*

VALUES

(Crms)

NC

NC

NC

NC

HC

3.0

NC

NC

NC

3.0

0.8

1.4

1.9

1.6

2.8

4.5

NC

11.4

6.5

10.1

l.S

1.4

2.4

1.3

0.9

2.0

NC

1.5

NC

2.2

NC

NC

6.9

13.7

31.9

NC

NC

NC

10._

NC

10.3f

IO. 9+

NC

NC

NC

NC

12.7_

13 .Of

18.3f

26.3+

6.0

6.1 '

(dB)

NC

NC

NC

148

138

136

NC

NE

NC

NC

NC

NC

NC

NC

(psia)

14.3

14.4
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Section 18

Acoustic and Vibration Environment

i

E0091, E0093

E0094, E0095

B0025, B0026,

B0027

E0110

E0109, E0111

E0062, E0589

EO

E0118, E0119

B0019, B0020,

B0021, B0022,

B0023, B0024

E0607

E0061

E0611

E0612

E0_

B0503

E0210, E0556

E0115, E0116,

E0117

E0605, E0606

E0104

E0106, E0108

E0107

E0103, E0105

E0092

E0041, E0042, E0043

-_E0590

E0609, E0610

E0090, E0212,

E0213

E0211, E0555

E0209, E0706, E0707

Figure 18-I. Acoustic And Vibration Measurement Locations

28 September 1966

Figure 18-1 293



19. STAGETHERMODYNAMICS

Section 19
Stage Thermodynamics

19.1 LH2 Tank Internal Insulation Performance

An analysis was performed to determine the effective thermal conductivity

of the stage internal insulation during the loading. The procedure was as
follows:

i. PUprobe data measuredduring an extended vented hold period were
used to determine a steady state boiloff rate. The boiloff rate

was converted to an equivalent heating rate, and this value was

taken to be the total heat input rate.

2. The rate at which heat entered through heat shorts (i.e., paths

other than the insulation) was subtracted from the total heat

input rate to determine the amount input through the insulation.

3. Skin temperatures recorded during the boiloff period were used

to determine the thermal gradient across the insulation.

4. The steady state heat conduction equation was then used with the

•preceding data to calculate the effective insulation thermal

conductivity.

A summary of the test data and equivalent heat input rate is presented

in the following "table, along with the calculated thermal conductivity

value:

Mass Boiloff Rate

Average LH2 Load

Equivalent Total Heating Rate

Cylindrical Section

Heating Rate

Average LH2 Tank Skin Temperature

Calculated Thermal Conductivity

40.9

39,900

472,900
• ° _.

319,900

441

0.045

ib/min

ib

Btu/hr

Btu/hr

deg R

Btu/hr-ft/

deg R

It is anticipated that these conductivity values will result in an

acceptable heat input level during the flight.
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Section 20
Reliability and HumanEngineering

20. RELIABILITY AND HUMAN ENGINEERING

20.1 Reliability Engineering

All functional failures of flight critical items (FCI) and ground support

equipment/special attention items (GSE/SAI) were investigated by

Reliability Engineering. Significant malfunctions of flight critical

items documented are noted in table 20-1.

20.2 Human Engineering

The following Human Engineering evaluation was made in support of the

S-IVB-502 stage acceptance firing at the Sacramento Test Center.

The stage monitor panel tank ullage pressure gage overlays were employed

as recommended in HER A45-058. These overlays employ larger scale

numerals (in psia) to prevent possible misinterpretation by TCC personnel.

As a result of their successful trial use s these overlays will be employed

during all subsequent stage acceptance firings.
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Reliability and Human Engineering
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Section 20
Reliability and HumanEngineering

J

z
O
H

cow

OK

4..I
moo
w_

_Jhq

,3
O_
c-4

N

Z
O
hq

_J

u

Z

O

o

o_ _
I_ ,--+

).1 .iJ >
03

I.+ "t_

I.l )-i ,.c:
0 ;:) .u

i.-t $-i 14.-i

o

c/) ,-I

g
o I_

o

_.,

4J 0 _

o

_J O_ 0

o
_-_
I ¢o

o_o
0qo
OO

r_

_-4

,/

/

Table 20-1

28 September ;1966

307



io

Appendix 1

Computer Program (AA89)

ACCEPTANCE FIRING ADJUSTED DATA (AA89)

This appendix contains the digital printout of the AA89 computer program,

one of the methods employed in the propulsion system performance recon-

struction of the S-IVB stage acceptance firing. The performance analysis

and associated plots are presented in section 6. Table AP i-i contains

the definitions of the digital data abbreviations, and table AP 1-2 con--

rains the computer program digital printout.

i

i.i Acceptance Firing Data

The following procedures and assumptions were used to generate the printout:

a. The computation interval was 0.i sec.

b. The measured turbopump inlet temperatures, pressures, and individual ,

engine PU valve angles were supplied by magnetic tape. Obvious

instrumentation errors, noise, and discontinuities were corrected.

c. Individual Rocketdyne engine acceptance tag performance values

were included.

d. Propellant load values were included. The initial propellant load

values or the residuals are not the final values; their use does

not inflhence the determination of propellant consumption.

e. Thrust and the flowrates were attenuated to reflect engine start

transients and stabilization. Programs such as GI05-3 (flowmeter

analysis) were used to aid in determining these attenuations.
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Appendix 1

Computer Program (AA89)
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Appendix 1

Computer Program (AA89)
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COMPUTER PROGRAM AA89 (IST BURN)

.Appendix i

Computer Program (AA89)
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Appendix i
ComputerProgram (AA89)

TABLEAP 1--2 (Sheet 2 of 7)
COMPUTERPROGRAHAA89 (IST BURN)

i•.00• 460.330
230883.42 38.869

3 3.$12 40.83•

6 624.353 16_.768

$ 1.721 70.695

_ 782.817 0.5618•99.T86 0.2_8

$ Z7035,785 5.44O

_ 0.000 3O.609I !Z476.9S1 3.6o9

11 i.Z82 38.O57

IZ 0.956 3._Zq
13 0.000

_ 2O.OOO 459.78823O5|5.O2 33.97•

3 3.511 38.732

_ •2%351 164.7191.721 T0.704

_ 781.••5 0.5•1
_95.73_ O.293

• 27020.795 8.173

_ 0.000 3•.218I 12O29.?O3 11,218

I1 -1.4_3 _4,391

18 0,g55 3.523

13 0.000

_ 3O.OOO _59o638Z30_36./9 33.e74

3 5.311 38.4_1
4 •24.J48 164.16•

_ 1.727 70.•9•
T81,417 0.561

_ 8•_5.113 0,331

_ Z1015.670 11.29Z0.000 _1.827

10 115_0,•_5 16,8Z7

11 -_.562 $3.119

12 C.955 3.52?

13 0._,)0

_ •O.OO0 459,985Z30520.3_ 34.O82

3 5.318 39.272

_ _24.283 164.766I.T2/ ?O.•gb

6 181.807 0,5•1

0 21020.315 14.b71
9 0,000 67.436

I0 11127.486 22._3b

31 -1.941 •2.113

1Z 0.95• 3o324
13 0.000

$0.000 ••0.205

2 230508,97 35.7O8

3 5.530 39.935

_ 424.175 1•_,7911.12; 70.690

_ 781._54 0.361
8693.•37 O.353

8 270zl.7_3 18.173
" 9 0.000 33.O45

i0 1_69.73e 28.045

11 -11._43 11.2t8

12 0.93• 3.324

13 O.OOO

_ •O.O00 _60.532230590._5 3•.752

_ 3.337 •0.823

• 426.109 18_.818

_ 1.T27 ?O.8OO
781.63• O.S81

_ 8696.Z85 O.362
2/O2O.835 21.764

9 0.000 38.•54
10 10Z06.9_8 33.654

11 -15.034 80._18

IZ 0.q51 3.52•

13 OoOOO

83.b34 544.084 32.402
31.327 221.702 507.4a0

3?.Orb 2•75.397 9[30.68|

37.87• 186367.203 347_8.0_6

4.375 18_367. Z_8 3477a.066

0.000 186487.281 34930.06_
O.487 189185.877 399_5.775

13.100 189502.877 39991.775

6O.829 3554.51_ 7O8.996

0.000 0.000 0.000

13.929 0.000 0.000
3.•98 0.000 0.000

3.229 1_99•58.5_

83.83O 343.218 " 32.349

36.255 216.3_0 300.57_
35.931 26O9.9O9 89_2.794

37.8_3 181783.482 8_946.8_6

_.373 181768.482 339_6.S_6

O.O00 181833._50 34098.8_5

O.498 18_580.207 39105._57
13.100 1e_891. Z07 3915_.957

83.751 815_.57_ 1348.892

0.000 O. O00 O.O•9

78.851 O. CO0 0.000

3.•89 O.0OO 0.000
0.151 61060_6.438

88.4OO 5_3.038 82.4O8

83.911 2tl.674 498._15

85.571 25_5.10_ 8751.4_5
31.879 177162._17 31116.867

6.373 177162.477 8811_.367

0.000 1772_2.475 38268.86V

O.499 179927._86 t82_6._89

15.100 18029_._36 . 3831_.888
7O.723 12781.786 231r._86

0.000 0.000 0.000

83.825 0.00C 0.0_0
8.888 O. OOC 0.000

18.125 64106_5.328

83.353 5_3.318 82.510

33.019 20_._91 487.551

3_.684 2_79._76 8532.725

3_.881 112580.7_ 8228_._58
4.3rl 1_2560.777 82286.558

0.000 1728_0.;73 32439.658

0.50l 175323.92O 31_28.599

18.100 175590.92O 3r_76.599

?5.724 178_q.643 8211.2_?
0.000 0.000 0.000

88.824 0.000 0.000

3.•88 0.000 0.000

18.12_ 8?15OO8.50O

83.224 543.429 32.4O8
38.O22 2O8.633 _81.89_

32.656 2415.005 8376.2_8

3/.9O6 167956.291 31457.811

6.368 167956._91 31457.311
0.000 16_076.2_9 31609.310

O.5O8 17078/.615 3_$90.6/3

15.100 1710_4._15 86658.613

0.000 0.000 0.000

93.8_8 0.000 0.000

3.•8• 0.000 0.000

28.143 11020084.625

83.174 5_8.?06 32.414
32.248 19_.990 _75.185

31.882 28_9.838 8189.190

37.937 163_9.111 8O628.425

4.366 1688_9.111 30628._25

0.000 163_69.109 30780._23
O.3O5 16810a.o15 85753.212

18.100 166475.615 35_01.212

83.788 26583.?J0 48_6.b05

0.000 0.000 0.000

98.888 0.000 0.000
3.885 0.000 O.0OO

28.J83 13325714.23O

88.193 344.304 32.471
32.198 |93.2r5 462.569

31.784 2219.603 78_B._18

37.9_2 154128.6_3 28971.5_8

4.864 15_125.623 28_71.868
0.000 15_2_5._21 29123.5_T

O.5O8 156_l._ 5_0r9._Z0

13.100 1572_8._ 8_127.2_0

93._21 35_69.6_8 65_0._58

0.000 0.000 0.000
109.021 0.000 0.000

3.687 0.000 0.000

38.322 1798962_.000

33.16, 544.8_9 32.549

81.820 _0.[81 _56.285

31.891 215%3_3 1618.750

37.9_9 1495O9.363 281_8._9

• .8•8 1495O9.863 2_1_3.4_9
0.000 149629.861 282_5.4_9

O.5O8 132263._02 8_2_Z.81_

15.100 15263O.4O2 832_C.57_

To.ooo *60.773 83.19_ 343.973 _2.,15
230•98.55 J?.628 32.#88 196.521 468.861

3 5.538 _1.553 32.O85 228_.832 79_8.3_8

• 24.099 ' 184.8_7 37.93? "158788.881 29799.978
to728 ?O.682 •.865 t5873_.881 29799.979

_81.9_3 0._61 0.000 158858. o79 29951.9_81697.578 O.358 0.S07 161496.56_ 34915.198

27O33.76O 23.•14 13.100 181863.36_ 3496_.198
0.000 •4.268 q0.8_8 31160.172 37O8.358

10 9738.9_2 59.268 0.000 0.00¢ 0.000

11 o1_.6_ 89.677 103.q_3 o. oo0 O.23O
12 O.957 3.528 8.686 O. OO0 O.59O

k3 0o000 33.248 13•32138.125

_ 8O.OOO _61.111
Z30817,81 38.671

3 3.5_3 42._57

_ _2_.060 lb4,SS9
1.728 70.•80

_ ?82.293 0.561
8698.7_3 O.378

0 2?O88.7O2 29.119

_ 0.000 89._7Z
| ,q26T.785 44.872
11 -22.389 98.99O

12 O.957 3.53O

13 0,000

_ 9O.OOO ••1.181
2_824.•1 • 39.100 ,

_ 3.3_5 62.75•
• 24.0)8 lb4.875

3 !.T88 ?O.677

_ 782.291 0.3•18698.120 O.ZTO

• 27o4o,727 32.718

_ 0.000 75,481 101,002 40382,115 ?372.02[
| 0;91.920 30,481 0.000 0.000 0.000

11 -25.988 10s.199 11%102 0.000 0.000

12 O.938 3.33O 3,•8? 0.000 0.000 •

33 0.000 _3.403 2O24?946.25O

lOO.OOO 460.?84 83.092 3_3.817 32.408
230619.83 38.1d7 31.212 I87.091 680.078

3 3.3_5 81.725 3O.769 208_.220 7481._01

824.O3O 164._06 37.98_ 1_48_7.252 21315.813

5 1.728 ?O.6?2 4.361 1_8_7.252 27815._18

781.6_2 0.551 0.000 1_5017.252 27_57.818
8696.85O O.878 O.5O8 147649.471 52408.8_0

• 27085.09_ 88.598 18.100 1_8016.471 32454.3_0

9 0.000 81.090 106.085 4499O.488 8208.175

10 8318.108 56.O9O 0.000 0.000 0.000

11 -28.868 116.688 119.183 0.000 0.000

12 O.95? 3.527 3.6_4 0.000 0.000
13 0.000 68._85 2255_437.500

110.000 460.939 83.073 3_.088 32.408
280669.86 38.767 30.9_3 18%187 443.82_

3 3.549 42.188 30.•85 202_.q16 7242.6_0
623.999 164.006 38.007 1_0284. 500 26488,295

3 1.728 ?0.672 4.559 1_028_.50C 26_88.295

• 781.763 0.56J O.O00 140_0_.498 266_0.295

? 8697.219 •.395 0.508 1_3034.896 31570.263

8 2?089.838 39.486 18.100 1_3401.896 3|618.281
O.OOO 86.699 111.168 _9899.40_ 903_.1_8

10 7843.025 61.699 O.OOO 0.000 0°090

31 -32.738 126.185 124.268 O.OOO 0.000

12 0.95_ 8.528 8.684 0.000 0.0_0

13 O.OOO 58.5_9 24_610_.000

120.000 _60.6_3 83.03? 543_680 32.40823O525.32 88.258 80.717 181.360 _87.531
3 " 3.3_F 41.863 80.2_ |_58.831 1052.698

42&.009 184.%58 38.016 138670.605 25660.928

I._28 70.684 4.388 135670.605 25650.9_8
781.52• 0.581 O.O00 138190.60_ 25812.9_8

? 8695.3_8 0.268 0.509 188_19.180 80784.338

8 27084.072 42.651 13.100 138786.100 30782.338

9 O.O0• 92.308 116.253 84209.512 98_8.008

lO _365.966 61.308 O.OOO O. OOO O.000

11 -33.921 134.958 129.353 O.O00 0.000

12 0.957 8.826 3.688 O.O00 0.o00

13 O.OOO 58.653 271•7960.030

180.000 660.575 88.058 3_3.628 32._08
230512.18 _8.163 81.122 178.831 43|.285

3 3.$46 41.568 30.633 1898.6_5 68_3,857

42_.026 164.969 38.080 131061.230 24833.998

1.728 ?0.662 4.356 181061,230 2_833.9_3781.802 0.561 O.OOO 1)1181.229 2_985,993

? 8696.0_8 0.39_ •.509 183807.98_ 29_98.851
• 2708_,973 48.95? 13.100 [8_17_,984 299_8.85[

O.OOO 97.917 121,389 588_8.098 10698._10

10 6891.264 72.917 O.OOO O. OOO O.OOO

LL -39.22? 143.87_ 136.439 O. O00 •.OOO

12 o.qsT 3.325 3.683 O. O00 O.OOO
13 O.OOO •3.739 29_72873.780

I•O.OOO •60.879 83.073 543.952 82.880280689.88 39.098 81.072 116.300 42_.925

3 8.548 62.186 30.565 1828.425 8672.81_

• 24.00? 164.984 38.008 _26_9.812 2_007.3721.728 70.689 _.356 1264_9.812 24007.07_

781.878 0.561 0.000 126569.810 2_159.0720697.438 0.403 0.509 L2919_.744 2_053.377

8 2?038.874- 49.955 13.100 129561.74_ _9111.377

0.O00 108.525 126._26 63422.729 11525.7771 6414.450 ?8.526 0.000 O. O00 O.O00

|1 -43.225 153.480 139.826 O.O00 0.000

12 0.95? 3.527 3.684 0.000 0.000

13 O.OOO 68.826 31778580.000

180.000 460._83 88.018 5_3.598 32.480280488.?Z 38.583 _ 30.648 178.77l 618.722

3 5.348 •1.578 _ 30.128 1763.251 6_85.073

165.018 38.039 121887.858 231_0.412
_24.0021.728 70.654 #.853 121837.855 231_0._12

781°197 0.561 O.O00 121957.884 28332._128_95.282 0.Z78 0.509 124580.q_8 2_228.1_6

8 2703_.71• 53.026 13.100 1249_?.968 2827_.1_6
9 0.000 109,13_ 13L.514 68030.891 12355.919

10 5933.797 84.185 O.0Oq 0.000 0.000

11 -_6.29_ 162.158 1_.614 O. OOO 0.0_0

12 0.951 8.5_5 5.682 O. OOC O.O00

13 O.O00 /3.915 3_08_18_.530

131.00o 4_')._02 82.984 343.58_ 32._80280469.66 38.644 30.232 173.518 618.131

3 5.550 _1.628 . 29.131 1756.786 6_$7.215

4 423.980 165.015 . 38.050 121376.91_ 23097.757'

1.788 70.654 4.352 121376.914 23097.757781.121 0.861 O,OOO 12149_.913 232_9.757

8693.010 0.27? 0.509 12_119.84_ 2814_.656

8 27035.168 53.302 13.100 12_86.8_4 _8192.656
9 O.O00 10_.695 |32.023 68_91.400 12438.q20

10 3888.132 84.696 o.ooo 0.000 0.000

II -46.372 162.997 I_5.123 0.000 O°OO0

12 0.95? 3.525 3.882 O.OOO 0.000
13 O.OOO 16.428 8431_6_8.000

152.000 460._54 85.005 543.458 32.4L8280480.q_ 38.292 30.8_9 173.267 411.452

3 3.547 _L.269 30.025 1150.256 b_6.751

4 624.009 165.026 38.032 120918.016 23015.105

5 1.728 70.b52 _.353 120916.016 23015.105
• 781.0_I 0.561 O.O00 121036.015 2_I_7.I05

? 8_.31_ 0.171 0.509 IZ3_5_.7_.. 2_051.150

8 27031._5 53.579 13.100 12_025.764 2_1_9.150

9 O.O00 110.256 132.532 88951.979 12521.918

10 5840._91 85.256 O.OOO O.O00 O.O00

11 -46.8_9 183.835 145.632 O. O00 0.0o0
12 0.957 :1.524 }.682 O. OOO O.O0O

13 O.O00 14.932 3454509_.300

153.000 _6•.858 83.00_ 543.361 32.41423039_.99 38.086 30.68_ 173.015 416.843

3 30546 _1.054 30.160 17_3.772 6928.352

• 42_.018 165.036 " 38.043 12045_.1_8 22932.458

$ 1.728 ?0.650 4.352 120_55.143 22932._58

?80.929 0.55| 0.000 120575.141 23084.4588694.517 •.276 0.509 123191.70_ 27_77.$_

8 27030.929 53.855 13.100 1235_.708 28025.6_8

O.O00 110.8t? 183.041 69_12.415 12604.9111 3792.85_ 85.817 O.0OO 0.000 0.000

11 -47.125 16'..6_2 146.141 0.00o 0.000

12 0.957 3.52_ 3.682 O.O00 O.OOO
13 O.OOO 75.4_1 3_715_25.500
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153.3_2 460,294 03.045 5_3o338 32._1_
2304O2,96 37.959 31.260 172.936 416.584

3 5.5 L" 40.91_ 30.7_1 17_1.720 6_Z0.67Z

4 424.0_ 165.0_7 38.027 110306.766 229_._9

1.717 70.640 _.353 120_06.766 ?2935.8_9

6 700.9_9 O.STL 0.000 120_26.76_ 23057.8_
? 0694.812 O.276 0.509 ;230_'9.172 279_0.703

0 Z1019._96 53.9_ 13.100 123_1_.272 279_8._)

0 0.000 110.998 133.203 69560.?29 12631.611

|0 3777.511 03.998 0.000 0.000 0.000

11 -47.214 16_.9_2 1_b.305 0.•00 0.000

;2 0.9_7 3.5?4 3.60_ 0.000 0._
13 0.0OO 7_.b05 340_9712.0_

133.412 460.294 03.O+5 543.338 32._1_2315_9.6_ _0.150 31._19 171.910 416._8

3 5.5_3 43.11_ 31.891 17_1.066 6_15.800

4 426.161 163.046 38.OOO IZ0260.606 21897._7_

1.727 70.6_8 6.355 120160.696 22897._7B785._61 0.561 0.000 1203_0.695 230_9.578

7 S?2Z._I_ 0.176 O.509 123003.186 279_2._07

O 26891.3_1 _3.972 13.100 173370.186 27990._37

10 5772.8O5 06.O54 0.000 0.000 0.000
il -47.2_2 165.026 1_6.355 0.000 0.000

12 0._58 _._20 3._8_ O.000 0.000

13 0.000 73.656 3687275;.5OO

_53.32Z 396.66_ TL.SS9 66B. Z23 32.414199650.51 _0.335 32.O3; 171.885 _17.12_

3 5.5_3 _4.350 31.904 17_0._18 6+36.69?

426._00 163.0_1 38.352 110216.713 228_9.6_1
1.711 70.6_9 +.34O 120216.713 Z2889.6_1

6 677.251 0.561 0.000 120336.717 _30_1.6_t

7 7516.S16 0.276 O05O9 122959.185 27934._28

0 2J172.Z_6 _3.999 13.100 12332_.185 279_2._Z_
9 0.000 111.110 133.306 696_0.705 12_7.8_5

I0 5768.30_ 06.110 0.000 0.000 0.000

11 -47.Z69 165.109 1_6._06 0.000 0.00_
12 O.950 3.O4O 3.174 0.000 0.000

13 0.000 73.7O7 3409_857.500

J 133.611 2+3.177 63.•93 181.069 31._16IZZ131.76 30._63 38._36 171.070 _18.9_

3 5.S_0 $6._74 39.132 1740.017 6+92.33?

• _25.447 165.053 39.318 12010+.490 22_83.091

1o717 70.6_? _.302 IZ010_._90 22_3.891414.297 0.561 0.000 12O3O+.+89 23035.5_t

? 46000210 O.2?# 0._09 122_Z_.9_9 27_Z_.578

0 1611302J5 5_.027 1301OO 12329J.9_9 27976._78

9 0.000 II1.166 133.3_7 6968_.8_ 12_53.6_

10 5765.03_ 86.16_ O.0OO 0o000 0.000

11 -_7.297 16_.19J 146._57 0.000 O.30O

12 009_1 1.86_ 1.9+? 0.000 O.0OO

153.721 92._09 16.17_ 109.28_ 32._L_46491.07 50.62_ _3.119 _TZ._?9 _ZL.L90

3 3.515 57._Z8 5+.689 17_0.257 653_.3L3

4 _15._79 163.159 60._0_ IZ016_.139 2Z_80.91_

L.TZ? ?_._Z_ 4.250 11016_.139 228_0.9_9157.730 O.56| 0.000 1201_.137 23031.9_8

7 1753.050 0.176 O.5O9 12Z9100591 17015._75

• 5431.005 56.05_ 13.100 1232_?.39! Zr973._?_

0 0.000 111.122 133._08 69699.187 12656.516

10 576_.5_6 8_.ZZ? 0.000 0.000 0.000

IZ O.953 0.70_ 0.7_. 0.000 0._0

13 0.000 75.a09 34919117.000

133.822 39.7_6 6.836 46._62 32._14
19O72.28 50._5_ 33.6?6 171.916 623.8_9

3 5.812 37.+0_ 36.695 17_1.201 6639.O60

4 40_._11 IbS.3_0 41.203 120_bZ.3_b 21079._3

5 1.717 70._g_ +.2O6 120162.386 2187_.8_3

752.117 0.17_ 0._09 122004.836 2792_._09

| 22130_16 5_.08_ 13.t00 123171.836 27972.509

q. . 0.000 111.270 .133.659 + 6970_.8B5 12637.632
10 5?63.07; 86.17_ 0.000 0.000 0.000

11 -_?.352 165._60 146._5_ O.O00 0.000

12 10004 0.30_ O.3O) 0.000 0.000

13 0.000 75.06O 36921067.000

153.9_Z 29.321 _°170 34.692 31._1413861.36 48.327 28.2_0 172.960 _25.09_
3 3.671 _5.36_ Z_._Z _Z._ 6675.11_

4 401.907 163.6_1 +1.611 12015_._52 22879.2_

3 1.?29 70._39 _.183 1201_8.952 12879.21_

47.014 0.561 0.000 120278.951 230_L.2?3555.6_3 O.276 0._09 122_01._0! 2797_.8_3

167_.192 _4.110 13.[00 1232_._01 27971.8_30.000 111.33_ 133._10 6970_.26_ IZ_5_.?_7

10 376_.836 86.335 0.000 0.000 0.000

I1 -_?.380 165._4_ 146.610 0.000 0.000
IZ 0.9_0 O.?Z_ 0.22_ 0.000 0.000

13 0.000 75.910 34923676.0_

13_.022 23.237 6.+33 29.670 3Z._t_
11019.)O 40.473 33.2_1 t72._93 _Z$.237

3.693 5_.517 3_.30_ 17_3.1_0 6679.373

t._Zl 70.$02 4.1_ IZOLS_.ZO0 ZZa?_.?O+4O.O93 0.561 0.000 120276.199 13030.703
7 _?B.Z_ O.ZTb 0.50_ IZZ09_._48 2791J.3_7

• 1,35.605 ' 54.t37 13_1¢ 123265.6_8 27971.]_;

9 0.000 111.390 133.50 69710.961 12656.?0]

10 3761.663 86.391 0.00_ 0.000 0.000

II -47._07 165.528 146.661 0.000 0.000
IZ O.983 0.193 0.197 0.000 O.OO0

13 0.000 75.961 3+9249_._00

15_.1Z_ Z3.096 4.047 27.143 31.41_

1074_.96 47.0_3 31.61_ 113.01_ 425.3_0

3 3.7O9 3_.00" 32.6_1 17+3.769 6683.875

4 39_.011 165.9_' _1.774 120153.719 2187_.234

3 1.?27 10.4_ 4.178 1201_3.71_ Z1878.Z34
36.463 0.561 0.000 120273.?29 13030.233

437.673 0.Z16 0.509 122896.177 Z1912._3

• 1310._91 3_.103 13.100 123163.177 2P970.863

q 0.000 111.4+6 133.6_Z 697L3.37_ I165_.125

10 3762.561 06.4+7 0.000 0.000 0.000
I1 -47.435 169.611 146.711 0.000 0.000

12 0._6 0.177 0.180 0.00_ 0._0

13 0.000 76.012 3_926070._)0

IS4.222 Z0.268 3.537 23.8O+ 32.+149333.O6 _7.29; 32.375 173.03_ 426.102

3 $.731 3_.337 33.398 1744.230 6705.2_5

4 392.074 166.095 42.043 IZ0151.49_ 12877._06

3 1.717 70.457 6.164 120151._9_ 22877._06

31.660 00561 0.000 IZ0271._93 _3079.80635_.076 0.276 O.5O9 121_93.9_0 27922._0

0 ll_.Zt2 54.193 13.100 123260.9_0 27970._30

9 O.0OO 111.503 133.663 69715._57 12659._0_

10 5762._5 06.5O3 0.000 0.000 O.000

11 -47._63 165.695 146.763 0.000 0.000
12 0.1_5 0.157 0.000 000000.190

13 0.000

156,122 16.0491219.99 47.022

3 3.rsz 34.0_0
4 183._1 166.179

L.717 70.4+2Z9.492 0.561

7 10_.130 0.276

0 ,190._5_ 5+.2_0
9 0.000 111.559

10 5_01._07 06.559

11 -+7.690 165.779

IZ 0.999 0.123

13 0.000

134.4Z2 11.333,,858.19 96._87

3 5.SSO 53.337

4 366._$0 L66.Z_5

1.727 70.43016,_80 0.561

9 Z14.759 0.276

1._3.293 5+.2480.o00 111.6L5

10 5762.]97

76.063 3692?080.000

2.726 18.814 31.414

33.233 t73.0+7 +29.04f

3+.259 17+4.58_ 619_.163
43.O55 1201+9.611 228P?.+41

4._10 1201+9.611 22877.641

0o000 IZ0169.610 Z]02_.441

O.5O9 122891.0_7 27922.0_2

13.100 123259.057 27970.0_2
133.71+ 69717.384 1265_.B2_

0.000 0.000 0.000

146.813 0.000 0.000

0.12_ O.O00 0.000

96.114 34917912.000

_.qZS 13.235 32.+16

34.1+6 173.058 43_.665

35.153 17+4.863 6960.B43
44.?_4 120168.108 22077.150

4.011 120140.188 _2877.158

0.000 IZ0260. I$7 13029.158

O.5O9 I12890.633 Z7911.776

13.100 123157.633 17969.776

133.76_ 6971_.752 12660.05_
86.615 0.00O 0.000 0.000

I1 ,+7051S 165,8_Z 14b.866 0.000 0o000

12 1.017 O,OBT 0.085 0,000 0,000

13 0.000 76.165 ,+910514,000

J.54,SZZ 7,625 1.2_ 8.881 32.416_002,80 45.013 35.759 I73.069 440,Z54
• 6.071 52.123 36.751 I745.132 71Z_.678

4 _13_.13| 166.308 46._2 1_0147.196 _2876.95_

1.7Z7 70._19 3,917 IZ0t47.196 22876,95310.1_ 0.561 0.000 120_67.1_ 23028,952

)_4,_90 0.176 0.509 12Z_89.6_1 2792_.568d,06._,67 56.275 _3.100 123_56.641 _7969,568

9 0.00o 111.671 I33.813 69719.688 I2660.l_
$_,_71 0.000 0.000 _.0o0

I0 5_61,¢3_
I1 -.47,5_5 165.9_ 146.915 0.00_ _.030

12 ;,C,_ •.058 0.0_6 0.00o 0.009-
1• 0.000 16.216 34928900._30

154._22 5.269 0.030 A.091 32._141026.36 44._08 36.798 173,079 +63,3i3

3 6.3+6 51.359 370790 17+5,394 7ZZ0.219

299.213 _66.967 460937 1201+6.500 _287_.8301,727 70.405 3.867 120|_6.500 _2876,800

6 6.109 0._61 O.O00 I_0266._9_ _Oz_,_O0
7 99,_07 00276 0.509 lZZBBB,944 279_1._1+

O 268.827 5+,303 13.100 123_5_.9_ 27969._4

• 9 0.000 I11._27 13%866" 697Z0,328 • IZ660,3t9

I0 576_.501 " 06.727 0.000 0.000 0.000
11 -+7.513 16_.0_0 Iq_.9_6 0.0oo 0,0_0

I; 1.09_ 0.040 0.037 0.000 0,000

13 0.000 76.267 34929138.090

J 154.722 0.000 00000 0,000 32.4160.00 4_.166 37.+22 ;73.087 +4_,13_

3 0.000 51.218 38.+13 1745.592 72+_.776

4 0.000 16_*412 _7.12_ 1201+6.093 22876,699

5 1.711' 70.399 3.a5+ I_01+6.093 22876._99

0,000 0.561 0,000 |20766.0_2 Z)0_8.6990,000 0.276 0,509 12_8_B.537 2792i.312

8 00000 54.330 13.100 123255,5_7 279_9.3_Z

0.000 111.7_3 133.917 697Z0.679 126_0,370
I 5762.599 86.783 0.000 0.000 0.000

I| -+7.600 166.1L3 147.0L7 O. OOO 0,000
tZ 0.030 O,O00 0,000 0.000 0,000

13 0,000 76.31S _4_Z+Z_3.000

154.822 0.000 O,OuO 0,000 3Z,+1+0.30 43,4_8 39.887 173.092 4q4,635

3 0,030 50.519 38.877 17_6.961 7_7_.601

4 0,030 166._41 47.?01 1201_6,037 2Z876,_8

1.7Z7 70.3_ 3.8_ 1201_.037 Z1876,6_"0.030 0._61 0.0oo 1Z026_.016 2302_.64S

7 0.030 0,275 0.509 12Z888._81 ZTqZl,Z6|

l 0,0o0 54,358 130100 123255.681 27969,261

9 0,O=30 121.839 33.q68 69720.679 126_0.370
[0 31,bZ.715 86.839 0.000 0.000 0.030

|1 -_7.6_0 166.197 147.068 0.000 0.000

12 0.0,30 0.000 0.000 O,OOO 0,000

13 0.000 76.369 34929233.3OO
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COMPUTERPROGRAMAA89 (2NDBURN)

1.6C0 11.856 5Z.Sn3 64,738 0.23931923.6_ _.17S 36.6_7 173.663 3qz.6S_

2_.lIZ O*O66 0.01_ 1_3_._2_ Z_6_4,971

q 0.0_0 308_1_3 _7.0_7 Z8._1_ 27.001

IZ O.G_O 0._093 2.3O6 0.000 O.OO3

1.800 T_._Z_ _.6_3 127._8 0.Z38

|0 3535.26_ 0.172 0.00_ 0.0_0 0.000

12 0.2_8 0,_79 Z.3_9 G.O00 0.00_

13 0.000 0,031 1_7Z7.8_

Z.O00 1s0.052q3716,57 36.4_1

3 Z.TZ! 43,10_
4 _56.731 165._99

_ 1.6q7 7_.6_3

7 3131.077 O._z

10 3_66.8_2 O.l_l
I1 Z81.9_1 3_0_2q_

13 0.0_0

55.[3q 205.190 0.238

36.Z17 1T].591 3q0.69]
36.500 |759.816 5661.095

38._2 IZ_11._33 2_128._8_

• .3_ IZ_ZII.Z33 2_128.88Z

0°018 _Z_33$.Z_3 Z_6_3._34

0.000 0°000 G.O0_

2._9_ 0._00 0.000
0.03_ . 30176.26_
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TABLEAP 1-2 (Sheet 6 of 7)
CO_UTERPROGRAMAA89 (2NDBU_)

!

I

280.000 390.872 ?9.360 4?0*232 -O.S?O202120.$1 39.637 33*472 q_.242 2|3*LL?

3 _°q_5 •_._43 34._5 122.3!7 462.664

4 •29.832 _67,379 35.5•7 m30_.399 17_4,69!
S 1.636 ?0.23O 4._2_ 350_.399 1714o69!

• 38.043 _.093 0.00_ 86_1.33_ I366°69!8225.113 _*_32 0.•63 1625.399 2000°_49

25314,636 133._4 43.00_ 8_92.53_ 20_.64_
O°C_O 33_.6_2 493,066 [_374_.9_3 22•70*282

lO " -72.C36 2,_.6_? 0.000 0.000 0*000

11 190.03! •6_°658 347.O63 O.0OO 0°000

12 0.3_5 3,O8O 3°47_ 0*0_0 0.00_

13 0°000 201*070 _90&5827o50_

20_670.75 _3.393 34.772 33.946 201.629

3 _*322 3'_.745 33.$•! 67,344 228.•2?

• 423.835 165. SJ6 38*9_3 _597.536 92_*927

S 1*69_ ?0°03• 4°32_ •537.536 924.927

636.646 0.035 0.000 47|?.536 1076.927122_.352 _.23! 0.461 4721.536 _203.335

I 2$800._80 1_6.??S 43.000 5088._36 1251.335

9 O*OCO 335.643 5O2.69• |_9644.813 23_62.763

lO -2?.O99 27°650 0.000 0.000 0.000

l_ 187.217 4?_°425 551.692 0.00_ 0*00_
12 O.384 3.0?3 3.•73 0.000 0*00_

13 0.0¢0 203°693 61084006*000

2ql.OCO 39O°?OO Tq°223 469.•26 O.2?3
20L269°34 39.337 34._46 Bao2_ 200.32_

3 •.925 4_.006 33.211 61.338 259._?_

• 423*823 165.767 38.323 •2O7.372 $45.982

h635 70.02_ •.323 •2O7.372 845.932
636°928 0°035 0.00_ 4327.372 397.q_2

|231.4_1 0*2_ 0._6] •331.372 1123.83_253_4.393 _3_.058 •9.OOO •693°572 _71.35_

0o0¢0 55_.?_! 3_3,154 120034.882 23341.937l -2_°536 2r°T_ 0._00 0.0_0 0.000

II 186.337 47_.30_ 532*133 0.00_ 0,00_
12 0.385 _|._7• 3.4?6 0.00_ Q.O00

23 0.000 206°133 61235?_9.300

292*000 330°03_ ?8.377 •63°913 0.326
201•_0.5_ 3'_.?$2 33.953 37.5O4 299.147

• *345 40*372 _3.024 $6.324 2_3.38_429.533 _6').0!9 33.630 38_°233 767,1_2

1.696 6'!*_?_ _°23! 3817°2_9 767*_72
695.6?2 0.093 O*OOD 3937°2_9 919._72

7 •222.76_ _,_ O.56O 39_°239 Z044.312
| 25865°3_9 _3?,339 •q,o_O 4308,_39 _032*3_2

q 0.0_ 335._3_ 503.613 120•24.370 23421°0_9

10 -_*572 _?.q_! C°O00 _*000 0.000

12 ¢._ 3._71 3o4_ G._ 0._0 _
13 0.000 206.6|q 6_487293.303

233.0G0 35_.5L3 ?$.47_ •6T*337 0.510
200935.14 39.427 3_.733 86.?83 _91.9_3

• .36_ _q. 9_ 34°87! 5O.?86 227.82_

• 29._0 169.252 •_.319 3•27.6!4 683.733
1.696 •_._ 4.236 3427*614 688.?38

693._3 0.033 0.000 3347._4 340.73_

23971.6!_ 13_.619 •9.OOO 39!8.6!4 |013*_43
0*0_0 335.43! 50_.07_ 120_!4._48 23_99.?73

|0 -|6°_7_ 27.436 0.0_0 0.000 0.00_

|| |36.376 47_.3_2 _53.074 0.000 0°000
|2 0.183 3°06_ 3°433 0.000 O.OO0

_3 0.¢00 2¢7*07_ •1638433.300

293.666 30_°_5 ?_.13• •6?o243 O,46O
2OO525.63 3_.2_ 33*3_ 36.|6O I37*077

• 429.|62 16_.474 4|°_10 3168.309 636.340

632°4|3 _o095 0.000 328_.309 288.34_

7 1216°853 q!.ZqO 0.460 3292.3O9 _|2.?66
8 25_94._9 13r.s03 •9.00_ 363_.3_9 360.?66

9 0.000 335.393 304.331 |2|073._90 23351.8_3

10 -15°8_9 21_.000 0.00_ 0.000 0.000

1| |86.!q0 •T:_.802 533.3n0 0,000 0.000

|_ 0._7 3°06| 3o_30 0.000 0.000
13 O.OCo 2o_°38_ 6_32204_.O_O

Z33.766 _a_°|15 ?8.|3• •6?.253 _ 0°_3420_523.64 43.2O3 " 33.079 86.06| 136.963

3 •°98O •|.74_ 32._61 . •6._32 2|3.0_8

4 431°238 169._96 4|.363 5129.3_ 629°O53

|.696 _'_°_8 _._08 3|79.3_ 629.0_5683.6_6 O.o_J 0.0O0 32_.585 ?B!.OS3

? 73?3.773 0.7_0 0.46_ 32_3.333 904.90?

8 2530!.|38 237.333 •9.OOO 36_0.338 332.90?

|0 -15.815 2_°007 0.00_ O.OO0 0.000

|l 286.!62 473_0 553.4_6 0°000 0°000
12 O°B_O 2.9_2 3.•66 0.000 O.OGO

13 0.¢©0 207.432 61842097.0_

233._6& 335._ 6_°378 402.653 O.6•8
|?3760.97 45°_71 3_.34? _.966 |36.39_

_89°430 C_*O_ O°OO0 32L2°2_4 773°618

a 2|BCZ._02 |5;_._6_ 49.000 3383._3_ 9_5.403

9 0.0_0 37_°_L_ 50_.473 12_14_.?_7 23567.|2O

10 -1_.8_3 7_.0!_ 0.000 0.000 0.000

12 OoB_C ;_.370 7.9R7 0.0_0 _.OO0
13 _._0 2_7._72 61361333°0C0

_ 2_3.966 203°'_7_ _1._97 246.e'?0 0°642
|0_29_.27 49.03_ _3.2_T 83._9? |96.951

3 4.q?B 51.679 •3.3?3 •3.633 2|•°293
• •3O.373 169._3_ •2.43_ 3065.018 616.|66

5 1.696 69._! _.|62 3065.0_8 _16._66

_ 360._7_ 0.09_ 0.000 3185.018 768.1_

q O°_C_ 336.02_ 5_4.3!9 12!!?6.953 235_2.576
|0 -13°_1_ 2_°028 0.000 0.000 O.OCO

12 0._ _.575 A.a32 0.000 0,000

|3 0._00 203°52_ •1575•23.000
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TABLEAP 1-2 (Sheet 7 of 7)
COMPUTERPROGRAMAA89 (2NDBURN)

Appendix 1
ComputerProgram (AA89)

296.066 70.203
40469o29 49.075

3 4._53 52._23

4 43O.576 16q.532
5 • 1.696 69,881

_ 137.276 0.095
1481,963 O,28O

0 5110,799 137.917

9 0.000 336.O33

|0 -15.61T 28.O38

11 106.078 473.q52

12 O.056 O.599
13 O.O00

J _q4.164 33.553165q9.09 69.069

3 3,ZZ2 32.S16
_ 414.826 169.531

_ 1,696 6q. 88156.30? O.O95

_ 636.404 O,28O
2O82.626 137,945

• 0,O0O 336.O43

i• -15.476 28,048

11 186.050 473.990

12 O.90Z O.237

13 0.OOO 207.61S 618850O8.OO0

Z94.z_6 Z_.Te7 f_ 6.e64 29.652 o.74_
12064.77 46.271 35.855 _5*842 198.]07

3 5.•96 40.72_ 36,2_9 45.328 Z25.67_

4 406.886 169.531 46.168 3043.542 611.776
S 1,696 69.8g| 3.933 3043.54Z 61].776

60.q26 •.Oq5 0.000 3163.542 763*776469.719 O.ZBO 0.460 3|67.542 887.469

O ]575.194 137.973 49,000 3534,542 q35.469

q •*000 336.052 S06.657 12|178.401 23576.870
10 -15.337 25.057 0.003 O.n00 0.000

I! 186._27 47_.027 553.6_6 0.00_ 0.00_

12 0.85_ 0.190 0.216 0.00_ 0.00 _

13 0.000 207.66] 6188660e.O00

294.366 ZI.334 4.171 2S._06 0.744
|•286.64 45,075 38.209 85.536 198.317

3 S.||_ 48.535 55.650 45.295 227,7q7

q•3.309 ]69.55] 46.765 50_1.253 61|.2851.696 69.88] 3.4_4 3041.153 61],28_

• 3_.094 0.095 0.000 5161,255 763.28_

404.289 0.280 0,659 31_5.253 356.9771350.754 138.001 49.000 3532,155 936.977

• O.OCO 336.061 504,703 121200.680 23577.316

10 -15.187 28.067 O,O00 0.000 0.0oo

II 185.994 474.065 553.?02 0.000 0.000
12 0.0B4 0.163 0.135 0.000 0.000

13 0.000 201.707 618a7511.003

Zg6.466 1g. 525 3.808 23.332 0.764
9355.10 45.424 41,Z02 85.8_1 198.626

3.128 48.8_6 4t.66_ 45.266 228,865400.952 169.531 67.101 5030.20_ 610.847

1.6q6 69.551 3.874 303_.201 610.5_7
31.736 0.095 0.000 3157,_0_ 762.847

369.99Z 0._$0 0.459 3163.202 e56.53_1232.q99 138.029 49.0_0 3530._02 934,532

q O.O00 336.071 " 50_.749 121202.7_1 235?7.715

lO -15.035 28.076 0.000 0.o00 0.00_

11 105.966 474.102 553.745 0.030 0.003

12 •.886 0.150 0,169 0,000 0.000

13 O.O00 207.753 61888491.500

_q4,366 _7.|34 3.527 20.461 0.74__1_2,00 46.175 66.108 05.526 198._60

3 3.149 49.658 44.629 45.239 229.066

4 396.989 169,531 47.2_6 3037.350 610.447

!.696 69.801 3._68 3037.350 6]0.44717o554 0.095 0.000 3157.350 762.667

T 324.683 0.250 0.65g 5161,350 886*128

0 10T7.493 130.057 49,000 3528o3S0 934*125

9 O.O00 336.0_1 504.795 1_1_0_.563 23578.073
|o -|_.583 28.o56 o.ooo ooooo o.ooo
II 115.938 474.140 553.796 0.000 0.000

13 0.8_0 0.151 0.168 0.000 _.OO0

13 O.O00 207.799 61859370.000

15.783 33.986 0.654

• 0.637 05,062 197.276

41.043 45.435 217,435
43*733 3051,22_ 613,36_

4.05_ 3051.728 613,369

O.OO0 3171.225 765,36q

O*460 _175.225 889,_7

4q*O00 3542.225 937*O77
504.565 12119O.754 23575.355

• O.O0O O,0OO O.OO0
553._ O.O0O O.OO0

O,7OO O.O0O O.OO0
207o$_9 61882532.060

6,431 _0.015 0.719

3J.571 85.549 197.743

36.017 45.369 222.083

45.1_1 3O46.4O7 612.377
3._99 3046,407 612,577

0.O0O 3166.407 76_.377

0.66O 3170.407 588,076

49.00O 3537,4O7 936.O?6

50_.611 121195,546 23376.3O9
0.000 O.0OO 0.00_

553,610 O.GO0 O.OO0

O.285 * 0,000 O*O00

/

/r
J ;tq4.666 13,567 2.611 16_179 0.763

6283.74 45.71_ 46.037 $5.522 198.427

5._95 _?.176 46.479 45*Z17 228.819
358.397 169.531 47,224 3035.797 610.105

1.696 69,851 3.871 5035.?q7 61C.10521.316 0.095 0.000 3155.7_? 762.105

7 ;_57.Jl00 0.280 0.459 315q.797 885,783

_143.615 13q,085 49,000 3526,7q7 _33.783

9 0.000 336.090 506,861 121206.107 23578.37_

10 ..14.729 28.095 0.000 0.000 0,000
11 _]85.c)10 474.177 S53.8_0 0.00o 0.000.

12 O.J_q5 0.10_ 0.116 0.030 0.000

13 O*CC_ 2_7._6_ 61890G9_.0G9

;_94.766 9.380 1.511 11.391 0.739_228,,29 45.916 47.k54 85,819 176.407

3 3.290 49.3_3 47.598 45.200 228.598

6 371.185 16q.531 47.214 3034.632 609.841

1.696 69.881 3.574 303_.63Z 60_.$_1
14.343 0.095 0.000 3154*63Z 76_.861

T ];51.549 0.280 0,459 3158.632 885.516

8 _86._,36 138,113 49._0 3525.632 933,516

9 0.000 336.100 50_.#87 I21207,263 23578,593

10 -.14.!_72 28,105 0.000 0.000 O.OOO

11 ];85.ee_ 474,215 553.856 o.ooo o.o6o
12 O._rl6 0.073 0.0_0 0.000 0.000

13 O.O00 207.8ql 61890618,000

;f94.B66 60446 1.182 70627 o.r66
;_613,41 45.625 49.063 8_.81T 198,392

3 5.465 49.094 49.507 45.1_9 225.42_

_42.6_41 16_.531 47.215 5033.833 " 609,649
1.696 6q.881 3.876 5033.833 609.649

3.565 0.095 0.000 315_0853 761.6_9
122.146 0.280 0.459 3157.833 805,323

_;82.6,20 138.141 49.000 3526,R35 933.323

9 O.CCO 336.109 504.q33 12L208.0_3 23578,740
10 -14,_14 28.114 0.0_0 0.000 0.000

ll 185.854 476.252 553.931 O.O00 0.000

12 0.q42 O.06q 0.052 0,000 O.OC_

13 0.000 207.937 61890953.50_

_q4._66 4.452 0.781 5.233 O.8ql
1387.79 4_.63_ 50.190 85.816 198,381

3 5,700 48.109 50.636 45.181 228.301
4 5050392 169.531 47,2|_ 3033.28_ 6_9,508

5 1.4q6 69.881 3.872 30330282 609.50_

6 5.356 0.095 0.000 3153.282 761.507

7 84.573 0.200 0.659 3157.282 885.180

8 232.930 13_,169 49,000 35_4.182 933.180

0.000 336.119 504._79 121208.5_3 23578.837I -14.255 28.12_ O.O00 0.000 0.00_

II 185.826 674.2_0 555._77 0.000 0.000

12 0.955 0.034 0,035 O.000 0.00_

13 0.000 207.953 618_1161.000

295.066 0,_0_ ( 0,000 0.000 0,856
O.CO 44.599 51.200 85.815 198.372

3 0.000 48,070 51.6_6 45.176 228,195

4 0.000 16_,531 67.215 3032._77 609._14
3 1.696 69,881 3,87q 3032.977 6_9.414

6 0.000 0.095 0,o_0 3|5z*q77 761*_14

7 0.0_0 O. ZSO 0.45_ 3156.977 885.086

0.000 138.197 49,000 3523.977 q33.086

0 0.0_0 336.L28 505.025 121208,88_ 23578.885
10 -14.c_5 28.133 o.O0_ 0.o00 0.000

11 1_5.7_8 67_,_7 55_.n23 C._O_ O.OG_

12 O,C_O 0,_00 0,_00 0.00_ O.OG_

13 O.C_O 208.029 618912_6.000

J 295.166 O.O00 0.000 0.000 0.813
O._O 44.675 52.158 85.815 198.367

• .000 -4A.163 52.603 45.$79 201.549
0.0o0 169.531 47._15 503_*q68 609*369

1.696 69.881 3*878 3032._6_ 609,369
0,000 0*095 0.C00 3152.965 761,369

7 0.0_0 0.280 0.459 3156,968 885,0_0

8 0,000 138.225 49*000 3523,_68 933,040
o.ooo 336.13e 505.070 1212oa.e_ zJ57e.ess

lc -13.81t 2e.]_3 o.o_o o.ooo o.oo_

|1 185.770 474.3&5 554.D69 0.000 0.000"

12 0.0_0 " 0.000 0.000 0.o0_ 0.00_
13 O.CO0 " _- 208,075 61891246,000
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Appendix 2

Computer Program (GI05-3)

ACCEPTANCE FIRING DATA (GI05-3)

This appendix contains engine performance determination and reconstruction

of the S-IVB stage acceptance firing, using computer program GI05-3

(table AP 2-1). This program operates directly on measured engine functional

parameters from the beginning of the start transients, through steady state,

to the end of cutoff transients, and is used for functional evaluation of

the systems such as determination of the profiles of thrust and flowrates.

For a discussion of the performance values, see section 8 and associated

plots.

i.i Acceptance Firing Data

The following procedures and assumptions were used to generate the printout:

a. The computation interval was 0.i sec.

b. Measurements of pump discharge pressures and temperatures,

flowmeters, and thrust chamber pressure were obtained from tape.

c. The propellant load and residual values indicated on the printout

are not final values; their use does not influence the computation

of propellant consumption.

d. Obvious instrumentation errors and noise were eliminated.

1.2 Digital Data Abbreviations

Abbreviations appearing on the printout are defined as follows:

TIME

THRUST

EMR

ISP

WDOTO

WDOTF

WDOTT

WO

WF

WT

Time from engine start signal (sec)

Engine total thrust: (ibf)

Engine total mixture ratio (0_)

Engine total specific impulse (sec)

Engine total LOX flo_Jrate (ibm/sec)

Engine total LH2 flo_Jrate (ibm/sec)

Engine total propellant flowrate (Ibm/sec)

LOX mass on board (ibm)

LH2 mass on board (ibm)

Total propellant on board (ibm)

28 September 1966
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TABLE AP 2-I (Sheet I of 9)

COMPUTER PROGRAM GI05-3 (IST BURN)

Appendix 2

Computer Program (GI05-3)

0.0000

0.0000

O.O000

0,0000
0.0000

O, lO00

0.tl36

0.0000

0.056t
0.0000

0,2000

].4?87

0.0000

O.LlZZ
0.0000

0.3OOO

5.588Z

0.0000
0.1683

0.0000

0.0000 0.0000 O.O00O 0.0000

0.0000 |93063.t_000 40706.0000 2_37S9.0000

0.0000 O.O00O 0.0000 O.qbOV

0.0000 0.0000 O.O00O 0.0090

0.9t34 1.5Z98

0.0000 0.0000 0,0000 0.0000

0.1836 16306Z.9434 4370_.9V07 233T68.9336

0.0000 O.OOO0 0.0000 0.5609

0.3125 O.OlSb 0.0280 O.30t_

0.9734 !.5298

0.0000 0.0000 0.0000 0.0000

3*478? 16306Z.8867 40?05*SOTt Z33T68.69]4

0.0000 0,0000 0.0000 0,5609

O*6Z_O 0.0625 0.0560 0.0056

0.9T36 1.5291

040000 0o0000 0.0000 0.0000
5.S882 193062.8301 42705.3535 Z33?68.1836

0.0000 0.0000 0.0000 0.$609

0.9315 0.1406 0.0640 ' 0.0126
0.9734 |.S298

0.4000 0.0000 0.0000 O.O00O 0.0000

0.2501 6.2501 193062.1136 40704.161Z 233767*533Z

0.0000 0.0000 0.0000 0.0000 0.5609

0°lZ44 |.ZSO0 O.250O O*IIZO 0.0Z24
0.0000 • 0.9?34 |.SZ�S

0.5OOO 0.0000 0.0000 0.0000 0*O0O0

T.�TZ4 T._124 193062.T|68 40704.0_g8 Z33T66.?656

0.0000 0.0000 0.0000 0.560V0.0000

0._805 t.5625 0.39O6 0.1_0 0._350

0.0000 0.9?34 |.6298

0*6O0O 0.0000 0.0000 0.0000 0.0000 -

0.58_8 8.$848 Iq306Z.660Z 43TO3.2ZIT 233P$5.8809 •

0.0000 0.0000 0.0000 0.000_ 0.$609

O. 3365 1.8700 0.5625 0.1660 0.0_4

0.0000 O.9734 1.5296

O* TO00 0.0000 0.0000 0.0000 0.000_

0.1_93 8.1993 19306Z.6035 40TO2.3SZ3 Z33T64.�S44

0.0000 0.OO0O 0.OO0O 0.0000 O°S60q

0.39Z6 Z. 1875 0.76$b O. lg60 O.0686

0.0000 0.9136 1.5Z98

O*8OO0 71.1553 0.0000 9.]Z34 0.0000

0.2?_$ _.2755 19306Z.5469 _370t.$581 Z33T_4.103_

0.0000 0.0000 0.0000 0*0O0O 0.560_

0.448Y 2.5000 !.0000 0. Z240 0*0866

0.0000 0.97_4 |*5Z96

O*9OO0 0.0000 O.OgqO 0.OO0O 0.t360

I.ZTQ6 9.015t iq306Z.453L 43TOO.?Z_5 Z33763.16t6

0.0086 O.OOO4 0.0000 0.0000 0.5609

0°5046 2.6200 1.2562 O*Z_O O. lt3_

0.0807 0.974_ 1._3_6

1.0000 0.0000 O.50O5 0.0000 10.4096

2O.8999 ]1.3_9_ 193061.63_ 40699.Z660 ?33_t.t035

O.01TP 0.0018 O*00OO O.OO00 0._609

0.5606 Z*?500 I._0 O*ZSO_ 0.1400

O.$609" 0.9780 I._80V

1.1000 0.0000 O*ZOSt 0.0000 T._3_O

35.7t85 43.t_6 |93060.8_28 _696._35_ Z33TS_.315_

0.0Z65 O.OO4O 0.0000 0.0000 0.560_

0.61TO Z.8750 1.8062 O.30#O 0.16_4

O.ZI_O 0.9;54 L._496

|.2000 3081.6LI2 0.4679 $6._6 20. lqO!
63.1534 63.3_35 1630_._3_ 6_6_2._ Z337_1*6316

0.03_3 O*OOY! 0.0000 0.000_ 0.5609

0._73L 3.O0OO Z.IO00 0._36_ 0.2016

0.49_S 0.9_T9 l._T_e

|.3O00 6218._06Z 1.171_ 62.6_$8 63.$030
65.68Z3 99. t8_3 193055.70tZ _06a8.042_ Z33_3.?_Z

0.0441 O*OttO 0.0000 0.0000 0.6609

0.T292 3.0900 Z*_O_$ 0.364_ 0.?366

1.2_76 0.9648 1.6_8

1.4000 67t_.8_ t._5_O _9.60_ 6_._0,9

46.0O20 11_.?069 t93049.63_8 _0683._$26 233Y33.0_0

0.0030 0.01_9 0.0000 0.0000 0._60_
0.7803 3.1800 2.T180 0.39Z0 O. ZT44

1._486 0*_S75 1.6696

|*_000 ¥340.1_94 1.4350 66.6571 64.6147

0.06i8 0._16 0.0000 0.000_ 0._606
O*8_t_ 3.2_00 3.0_05 0._200 0.3150

1.63T9 0.987_ 1.6690

1.6G00 2_1_2.5Z_3 1.332_ Z|?.4_tT _O*?_YO

40.56t_ |06. Z8_1 |93036.68_5 436T_.360_ 233_11.0_49

O.0?O6 0.0283 0.0000 0.0000 0.$609

0.8_5 3._860 3*3663 O*46OO O.3SqO
I.+ZS6 0.9_b+ t.666_

|._000 31093.9297 t*ll6S 3t6.9_6_ 5L.T480

0.9_35 3.30_0 3.69TT O.SO00 0._070

L.Iq06 O.V_3 1.6517

t.8000 )6266.09_? 1.1051 _67._8_q qt._o_q

O.O883 0.0_! O.0OOO 0.000_ 0.$60_

1.0096 3.3160 _.028_ 0.6_0 0._63Z

1.|1_0 . 0.98_t 1.6_T

I.�OO0 613_?.4097 L.26Y8 386.9063 _9.?t4_

• T. IO0_ 106.SL_S 19302_.t34_ 43660._TTV _33680._t1_
O.OVTt 0.0_34 0.0000 0.000_ 0.6609

1.06_7 3._340 _.361_ 0.7500 0._3_0

Z.O000 4_q_|.86_8 1.6447 390.66$Z 68.0_a4
47.10_9 1t5.1673 I_0t3.6895 _36_S.6_T Z33669.34SY

O*I060 0.06_6 0.000_ 0.0000 _._0_

2.1000 S0367.7314 1.6106 602.1168 ?T.2T?I

4T.qT94 |ZS.Z565 193006.360Z 40650.8906 Z6)65?.ZSSt

0.1148 O.OY_6 0.0000 0.0000 0._606

t.l?Tq 3.3650 5.03tZ 1.0000 O. TO?O

I._097 O.qe�O |.6955

2.2OOO _7466.888_ 1._876 _19.7280 qY.sO4t

4V.|LO_ t_6.9146 I_Z�qS.0_ZY _0646.0Z3_ 233644.076Z

0.123_ 0°086_ 0.0_00 0.0000 0.$606

1.Z34_ 3+3800 0.3685 io1000 0.StZO

i.0960 0.9607 1.?094

2.300O 6029t. TI68 1.9_55 63T.19Z9 qq.3515

69.T666 149.136_ 192988.636_ 4_64t.0649 23_629.?012

O. 13Z+ 0.0993 0.0000 • 0.0000 O.S60q

1.2601 3.3900 _.?OT_ L._O00 0.9Z?0

Z.IIS_ 0.992T h7_46

_.4000 74656.71_8 Z.2_6¥ 454.89ZZ lt3.T_59

50.3_3_' |64.1166 19291T.6258 60636.06tS _33613.9668

0.161_ 0.1130 0.0000 0.0000 0.560V

1.3462 3.6t00 _.04TS 1.3000 t.OSZO

Z. 362_ 0.9_5Z 1.74Z3

Z.$O0(I 0_T68.1890 Z.$544 66_.t066 131.8766
$1.6Z70 |83.5030 t9_965.$81_ 4_630.9Z5_ Z3_$_6.Sl37

O. t50] 0. L276 0.0000 0.0000 O.5609

_.T06'_ 0.6681 I.T606

_.6000 6407t.1_14 Z._520 455.$206 _$2,8996
S3.6Ltll ZO6.$_IZ tqZqSh2_lO 4_62_.6479 _33576.9_?$

O.|SIq 0. t430 0.0000 0.0000 0.$606

1._51.* 3.44OO 6.T3_$ I._000 1.33_0

3°OITI, 1.0009 I.T?IO

2.1000 103_76._463 3.1093 _46.q173 tY6.85tO

56.23$! _3t.0663 19Z934. S40T 60620.L38_ Z33554.9864

O.16T_I 0.159_ 0.0000 0.0000 0.5609

|.SI4_; 3.4550 7.O772 1.6000 1.6670

3._S_'_ i.0033 I.T|9_

Z.8000 IIS239.4_ST 3.3011 452.8294 tV6.0806

$8.40_ ZS6.48TS lq2ql6.2_ZZ 63614.3887 Z_3530.630_

0.t76_ 0.1_66 0.0000 0.0000 0.$606

|.$_0'_ 3.4?O0 ?.4235 I*?000 1.65Z0

3.$38.! 1.0006 1.8016

Z.6000 t300_O.Zl15 3.6346 _68.0595 Z11.9166

Sq.956_ ZT_.8712 |9Z865._644 6_606.4_t_ Z33_03._355

0.t85_ 0.1947 0.0000 0.0000 0._606

1.6_6_ 3.48_0 ?.?TIZ 1.1000 |.8_TO

3.8Z?.) 1.006l l.lt3q

3.OOO,) 143665._180 3.9_66 4T6.22?L Z40.6936

61.611_ 3CZ.305Z 19ZS_2._6L 6_602.)S_0 Z33_74._96

O. t6_ 0°_t31 0.0000 0.0000 0.$6O9

|.68ZT 3._000 8.1205 t.9000 _.0120

4. t09_ I°010_ 1.8250

3.1003 15_666.0703 4.1_67 4Ts.?16t Z6_.6ZlY

62.8?8) 3_5.50Z_ tqZS4_.Z_34 4_$96.1064 Z33_3.3_?S

• 0.203t O.2335 0.0000 0.0000 0._60_

1.738_ 3._030 8._T06 Z.O000 Z._O?O

• .38_ 1.0134 1.63_2

3._00) t626ZS.7051 4.3765 466.8068 Z$3.6236

66.Y61_ 346.385_ 19_819.9043 60589._06t Z33_q.60_

0._11_ O.Z_+3 0.0000 0.0000 0._60_
I._V4_ 3.5060 8.S_t! Z.O_6 2.6O98

4.596_ I.OIS_ 1.8_24

3.3003 1678_1.t074 4.50t6 454._36 307._6T7

4T.1_6_ 369.4140 t�Z790.S_T 40563.088_ 2333P3.6_06
O.IZOP 0._9 O.OOO0 0.0OOO 0._606

l.|_t_ 3.5060 9.1718 Z. tltl Z.6LS!

4.716_ 1.0163 t.6_64

3.4000 17_Z0.186$ 4._66Y 665.7103 316.9876

69._t2_ 366.39*9 16_7_9.5332 _5r6.2373 _33335.76_5
O.ZZ96 0. Z984 0.0_00 0.0000 O°S60q

i.90_1 3.StZO q.SZ?q 2.166_ Z.83_0

4.Y_I_ 1.0169 1o8464

3.5OOO 17_s*q.q_tz _.60tz *_0._663 _._36_

71.Z_I_ 3_._624 t92_2T._02 q_566.t_6 _3)Z�_._Zt_

0.136_ 0.3_16 0.0000 0.0000 0.560_

1.963Z • 3._100 q.874Z 2.Z_ZZ 3_05L4

4.6012 |.OITZ t.8495

3.6000 178_3_.1387 4.59_ 439.16T6 33_.6101

T2.8106 40_.4Z07 t_69_.0645 _0561.9_1 23_156.019_

0._4_2 0.3_6! 0.0000 0.0000 0._60_

3.?0OO 180at_.8016 _.57_5 436.T039 139._503

O.2_t _.3_1_ 0.00OO 0.0000 0._60_
Z.O_4 3._ZlO 10._77_ 2.3333 _.SO?O

4.7610 1.016# 1.8483

3.8O¢O 1633_q.103_ _.qS06 _37.1_ 1_3.S1_

4.74C0 I.C|6b 1.8474

3.9OOO t85_o2.6t?2 4._ 4_._603 3_Y._3t*

16.430.! _3.7616 192_9t._3_ 40_3_._?Z _33t_._

4.73(PS 1.016_ 1.8*TZ

• +.

4.00C0 18_267.?Y1_ 4.$3_ 434. ZTS! _+.6690

0.26_6 O.4_Zt 0.0000 0.0000 0._0_

0.480_ 0.0000

28 September 196_
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COMPUTERPROGRAMGI05-3 (IST BURN)

140.00C0 230950.4336 R.4335 423.516| 450.R543

14.1625 54_*_160 1_0418.613_ 259_*1012 1594t_.1145

0.5070 0.000_ 0.560968.5342 0.ooo0

YS.SZ;I 3.61G0 501.7287 3._40_ _9|.9856

$.6303 1.0247 |.8740

145.0000 2_3_6.8_57 _.422b _23o6_7C 45_.16_8

S4._V5? 5*3.8415 128|14.qSR0 255?C.b_33 15S_55._L13

f1.0692 _.0000 0.0o0_ _._6n_O. 50TO

81.3316 3.6100 5tq.275_ 3.63L! _10.16,T

5.bl93 1.02.6 |.5337

ISO.O000 231809.310_ 5.4210 426.8_81 45_*_85_

e_.5608 5_3.0464 125819.263_ 2014_.0_59 153_64.3223

0.5070 _3.6041 0.0000 O.q_O_ 0._609

1_.1361 3.6100 537.3281 3.6l_2 528.?_!Y

5._1_1 1.0246 1.8_37

151*0000 211018.7090 5.4247 4_5.44_9 _5_.4_1

84,51_4 541,0024 125160._221 2_059.980_ 1534_0.1066

0.50_0 f4.1LII 0.0000 _.0000 0._609

84._9ro 3.6100 540.9980 3.6103 5_1._959
5.6222 1.02_6 1.8?3_

152o0000 230454.8848 5.41t7 4_4.7812 45Y._1_4

84.584_ 54_.5026 124901.4961 2747_.903_ 152_?_._9S4

0.50Y0 _4.6181 0.o0oo C.ooOO o._60_

85.25r9 1.6900 544.54_ _.6_63 _35.5042

_.6105 h0245 1.8735

159.0000 230200.5_;0 5.41_2 424._S02 ,52._0

04.5433 54_.4773 IZ444_.95_0 27589._123 P52_3?.Tb95

0.5070 15.1251 0.0003 o.0000 0.5609
85.8188 3.61C0 548.|539 5.6024 530._0_

5.6112 1,0245 1._73_

153.1000 _30702.13_9 5.42oa 424,259_ _58.12o?

84.5211 54z,6915 124391.0_5_ 21581.3079 15_278.40_3

0.5030 35.1 r55 0.00O0 _.000_ 0.360_

85.8r_ 3.6100 548._185 3.6920 539._6_
5.6181 1.0245 1.8737

1_3,_000 229404.1152 5.4242 422.650_ 458.2529

04.483f $42.7366 124351._178 21871.8q6b 1_Z224*0234

0.5070 15.2265 0.0000 0,0003 0.56_9

15,9]10 5.6100 548.8795 3.6016 532.5_8_

$,_211 1.0_ +_ 1.S73_

153.3000 229490.5449 S.4243 _23.3402 4S1.2819

84.3022 541.5832 124905.18t8 2386_._|64 15216_.699_

0.5070 15,2_2 0.0000 0.0_0_ 0,%09

15.9171 3.6100 549.240§ 3.6012 540.1590
5.6223 1.024_ 1*SY38

153._000 23_42P.3301 5.399_ 437.448_ 4b1.Z825

15._554 _46.71;9 124259.42_3 27555.804_ 1_1115,2305

0.0000 75.30t6 0.0000 o._o3 _.o_no
86.0151 3.6100 549.6018 3._0o4 _4%S4_1

5.$93_ 1.0243 1.8711

153.5000 14926.6914 5.25_ _,63_1 +Z_,3461

10.4051 5C2.791_ 124215.2_3_ 2P847._112 1520_2.7515

0.0000 15. J02_ 0.0oo0 0.0_0'3 _.no0_

86,0151 _.6100 549.96_ 3.&_04 540.909?

5.4533 1,0230 1.8_76

153.6000 41_.4312 3.1_33 139.0021 _28.2S0_

11.4874 299._680 124182*7090 _3_39.*)L7_ 15_22.6_50

0.0000 75.3026 0.oo0o 0.0000 0.o0o0

86.015_ 3,6100 550.3_55 3._03 541._69_

3.310| I*0035 1._801

153.7000 L4471.2125 1.5110 115.7614 rs.b157

• 9,3911 1290060 1241_.5137 27_33.873_ 15_90|.18_7
0.0000 15.302_ 0.0o0¢ o.00_ O.O000

8_.0151 1.e050 550. S_4_ 1._000 5*1.5397

1.5512 0,9875 1.6_28

153.8000 15C07.9850 I.]016 2_.4_14 31.1569

23._11d 55.094t it+14P.IP4B /P+IO.ZObS 151192.9809

9._000 75.302b 0.00O0 0.0000 0.00O0
86*01bL O.OOO0 _50,6_48 0.0000 541._292

1.1016 _.9853 1.6534

153._000 1244_,6r57 1._004 416.9022 16.3400

13*5224 Z_,9623 124159.?_9_ 2182_.3335 151_.1125
O.OnO0 15.3026 0,O0OO 0._000 0.O000

86._151 , _.00_0 _50.6_ 0.00O0 541.6292
1.2054 n,9844 1.6_4?

154.0000 1024].7429 1.4116 400.40_5 |_.0622

10.5211 25.583_ 1241_0.2295 2?017. L31L 151955.35_4
0.0000 ?_,302_ 0.0000 0.000_ 0.00_

06.0151 0.0_0_ 550.684_ 0.0000 541,62_2

1.4316 _.9864 1.6617

154.1000

_.2254
0,0000

8_.0151

h9522

154.20C0
6.642_

O.OdO0

1.2990

154.3000

5.8525
0.0000

$6.0151

2.2646

154.4000
5.2362

0.0000

86.0151

1.4445

154.5000

4.2244

0.0000
Ib.015|

Z.2236

154.6000

4.J082
0.0000

16.01_1

i.525_

154._000
3.O3;8

0.0000

86.013L

0.2202

154. d000
2,_804

0.0000

56.01_1

O.OZ_)

154o9000
2.6O4]

0.00OO

86.0151

0.0000

155.0000
2.5917

0.0000

86.01_1

O.¸3O0O

74_._548 1.9522 307.5228 16.9575

2,*2829 12415b.6729 27826.1936 151952._65_

?_.30_6 0.0000 0.0000 0._000

C.OOCO 550*6_40 0.0000 541.6292

_.gqlZ I.PO0_

500_.54_7 1._9O0 321.7_38 8.6290

15.2315 124155.43B5 Z1825.4500 15|_._8_Y

_.0000 350.b_8 0.0000 541.6_92

_.95_? L.6455

4591.59_ 2.?646 250.198? 1_.3214

19._0*1 1_4154.3408 21_24*8255 1512_*|641

3_.3026 0.0000 O*00O0 0._00

0.0000 550.6548 0.000_ 541.62_

O.994O 1.3226

2_60.0024 1.4448 224.1126 7.565_
1_.8016 124153.2959 23524.2633 151_Y?.56_5

f5. 3026 O.00O9 0.0000 n*0000

_*00¢0 550._545 0._000 541.6292

0.9_ 9.6596

331.2912 ?.2236 _4.3273 q*5936

13.6101 124152.'._13 215_3.3942 151976._40_

1_.502_ O.00O0 0.0000 0.0000

0.0000 550.68_ 0,0000 541.479Z

0.993? |.7|81

_*_000 1.5253 O.0OO0 6.5315

1_.8_03 12_151._84 2?_2_.3_4 151935._15_

13.302_ 0o0000 0.0000 0.0000

_*_000 550.6545 0.0000 541.6292
¢,9099 1.6650

C.00¢0 O.Z_O_ 0.0000 q.8483

*.YO01 124151.??_3 2P522._$9_ 151974.2363

75.30_6 0.0000 _.0000 0._00_
C*0000 550,6848 _.0000 541*b252

_.9754 I._.99

0,00_0 0.0293 0.0000 0.0_

15.30_ 0.0000 0.0000 0.000_

C.O000 550.6_9 0.0000 5_1.6292

_.923_ 1.5325

_.00¢0 0.0000 0.0000 0.0000

_.bO*3 12415t*?256 2fe22.3_1 1_L_So56_5

?3.302_ 0.000_ 0*O3OO 0,0_0_

¢.C0_0 550.6848 0.O000 5_1.52_Z

0._31_ 1._293

0.C020 0.0000 0,0000 O.O00g

?_.30_6 0.0000 C.O000 0.0_00
O*OOCO 550.b548 0.0000 541.629_

0.973_ 1.32_5

28 September 1966
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G.O000 O,O000 Q*O_O0 0,0000 0,_000

0.0000 0.0000 124761.0000 2_?ZO.O:O_ l_q;ll,_O_O

0.0000 0.0000 0.0000 0.0_00 O.Oq_

0.0000 O. CO00 0.0000 _o0_0_ O.00_B

0.00_0 0.973_ 1._Zgg

0,_000 0°0000 0.0000 0.0_00 0.0000

0._20_ Oo4ZO_ 12_T60.9902 Z_719. gTss l_.gbna

0.00_5 O. Z2_O O.O06Z 0.0_0 0.003_

0,0000 0.973_ 1.52_a

O°ZO00 0°0000 0.0000 O.0OOO 0.0000

_o4_6 3._956 12_T60,9505 Z_?I_.T_Z7 1_!0.76lT

0°0000 0.0000 0.0000 0,0_00 O,0953

O.O_L 0._00 O,OZ_O O._ZO _ O.D_O

0._000 0.0000 O.O0OO 0.0_0_ 0.0000

0.0000 0.0000 O.ODO0 0.0009 0o0_53

0.0_6 0.3T_O 0,0$6Z 0._00 O.O27O

0.0000 0.9_)_ |.SZ98

0,40OO _9ao7_ 0°0000 36.6165 0.0_00

0.0000 0.0000 0.0000 0.0_00 0.0_5_

O.6OOO 1_9.51Z2 0.000_ _O,]IZ_ 0.0000

O.OSTZ 0. I_00 OoZZ_O 0._600 0.1080

0.?000 0.0000 O.O0OO 0.0_0_ 0o0000

0._000 O, CO00 0.0000 _.0_00 0.095_

0.0000 0.973_ 1.5Z_$

G*_O00 0o0000 0o000_ 0._0_ 0.0000

0.0000 0.0000 0o0000 0._00_ 0°09_3

0.9O0O 0._000 0.10m6 0._0_ _.8_Z

0._0_ O.O953O.Qooa 0o0000 0.0000

l.O000 0.000_ O.gO0_ _o000_ t3.2_Z

O. LO_9 1,37_0 O,T_6Z 0.6_0 0._630
O.3893 O.977O 1o$660

28 September ICJ66
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TABLEAP 2-1 (Sheet 7 of 9)
COI_UTERPROGRAMGI05-3 (2NDBURN)

I._O00 Z|oZ_9.1660 _.9660 _20o6_55 406._Z2_

O°_3g_ 1.951Z 0.0000 0°000_ 0.0951

$.i_0 I.C202 1.8601

0._10 _.OOt2 0°0000 0._000 0._9_3

0.810_ 3._50_ 2_.6]_$ ].2OO0 1_.3_
$.lft3 t°OZOS L°8_tt

$°2Z08 |.OZ09 1°86Z5

0._ _.13_3 0,0000 0o0000 0.0_$3

O.8_e_ 3._900 ?b,o_o$ 3o2_07 20._760

$._60_ 1.0213 _,_3_

|Z.633_ 506.0631 lZ2Z23.36bZ 2_|_1.87T_ 1_3_5._61_

0._508 _.268_ 0o0000 0._00_ O.oq_3

5.10_ L.02|I t_S6_Z

O.8_L 3.$3C0 _T,0530 3.3_0_ _t°6_O

°

9.3OOO Z1_95_.605$ 5ol8_8 _Zg. ZSTO _?9._OOT
12.8093 51Zo_IO0 12213a,01_5 Z_l_$._ 1_6Z_)._t_

$o3_75 L.O_Z_ 1°86T!

0o_558 Z._O_ G°O_O0 0.00_ O.O953

0.8962 3.56C0 Z_°_ZO 3.3_0_ 72.3_10

9.6OOO 2_2160. b36_ $o_192 _2_.923_ _)5._OZ

S._32_ 1.0ZZ9 I°e6_

9.9O0O 2_3L;.ZJ_ _,_l _26.b;0! _Z._$9

0,0000 0.0000

0._70 _._ O°Co_ ¸) _._ _._

Z_oO000 • Z31¢_._3_ S._O_ _2_._6_ _Z.IZ_?

0._937 9.99_ O.OoqO 0.000_ 0,09_3

35,000q 231269.50?8 $,5ZOZ _Z3._ZlS 66Z.*2Z5

_,._9 3.62O0 120,_ 3._1_1 _1_._3_

5. TZ_ 1.0255 I.e?6_

_._000 I?._b15 0,0000 0,0000 O.O95]

3.8L)6 3.61_ 138,908Z 3.609_ 132._$0

O•_OtO 1_.96_0 0.0000 0°0000

SO.O000 23066_.9b0_ S.$Z1_ _22o5379 _6_.200Z

O.$OZO 22._1S 0°0000 0.0000 O.Oq_3

S. TZ$! hOZS_ 1°tT65

55.OOOO Z30|20.$391 5.S093 _ZI,6369 _6|.932_

0.$O29 2_,_8_I 0.0000 0.0000 0.0_3

S._3T 3.60OO I_Z.97_? 3._025 ;e6._$10
5o_ttS t.QZS_ L._T_

13.g616 S_5._67_ 98T9_,_5_ 198ZS._O_) L1_?_.6309

5._20_ 3.6O00 Z10°9_6 3.60_ _0_.5_97

65.1)000 23tl[Z•07_2 S,_33 _2_.0932 _|.159_

8_.r_65 5_._5S8 96_87.Z23_ 19_0b°_73! _15593._96_

O,_O_b 30.O2|3 0.0000 0°0000 0.09S3

O._;O_S 3Z._67 0.0000 0.0000 0.0_3

6o_,_3n 3.6OOO 2_6.9_ 3.6100 _0.6_6

0._06_ 35.0 _66 0°0000 0.00_3 0.0_3
_,150_ ).6O0O Z6_._T_ 3._100 Z58.6_5

S°6_L_ I.OZS? 1.8T56

0°50T3 3T. 610_ O.0OOO 0.0_0_ O.Oq_

So66Tl 1.0Z_O 1,87_

0°$_ _0°1_92 O.O0OO 0o0_0_ O.O95)
a.1_39 3.6OOO 300.9T_! _.610_ ?_.Tg_!

9O°O,)O0 Z)O3|3._L02 $._710 _Z3._57_ _5_.8_

|._l_C6 ]*6OOO 318._ _.6100 31_.8_19

$.6r0_ 1.02_0 h_ISL

|t.m_5_ 5_3o_$8_ aZ689.0131 15170._lZT 99_5_._26_
O.SO0_ _,|_2_ 0.0000 O.OOO0 0.0_3

100.0_5_ 2_O0_Z._CS_ 5.2061 _2_.Y_19 _33.S_36

5°_932 1.0_2$ l°867_

10.0[0_ . 3;5150. 3_2.Z11| 3_3550 _6$.356L

IL._*_7 3._0_0 _2_.2_ 3.1600 _13._933

_O,ZO_ _0._ 6S_2_.}_T t_.O_5 _ _: ,023

O._YO_ 62.1_3 0.0000 0.0000 .Oq$_

IZ.3_4! 3._000 _._0 3.[30O .5._31

13_.000_) _0_16_.69_ _._S_Z _30.5B_ 35%3183

0.469O _._ O_q_Q_ 0.0_ O.Oq_$

28 September 1966
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0._I_ 238.4ezi o.oooo o.oooo o.oq_

$.os2_ 1.0LqT I._8)

0.46L1 _0_.9'i_ ° :.O,eO00 0.0_00 0.0_3

• 29.?;73 )_O.4B7_

750._551 4_13.5_98

0.0900 0.09_3

0.000_ _.o_

0._610 _09.1A6_ . 0.0000 O.0009 O.OO09

O.OOnO _0_._0_ 0.O090 0.0_0_ 9.000_

_______

3

]

]

]

]

]

3
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Appendix 2
ComputerProgram (GI05-3)

f

Zgt,4000 6_61,)I|1 Z,18_[

Io8263 2_.q120 3446.71_6
0.0000 20q,20q_ 0.OOOO

27.9gb3 0.0000 _olq.s$8_

2.|$3! 0,9q33 L°T|T3

2q_.5000 _09_.2665 Zo437_

6oS98_ 2Z.684! 3_.OSbl
O.OOO0 209.20_2 0.0_00

ZT.9963 0.000_ I0_9.$58_

Z._378 0.q_56 1.73_3

O.O9OO 209.209Z 0.00_0

ZT._963 0,0000 lO_g,_ss

292,9000 3n_6, t246 I, q301 ll8._Tq6 Z_8.1g_O

0.0000 _Oq.2092 0.0000 _.0000 0o0_0_

3._6_ I._086 [.8130

0°0000 2O9.2O92 0.0000 0._000 ,_.0000

27.9963 0.0000 _019._$_ 0.0_00 q6_._53_

0.0000 2¢q.209_ 0,_000 _.0000 0._000

I.$75_ 0.q878 1.67_6

0,0000 20q._ogz O.OO0O 0._000 O.OCO0

2_o9_63 _.0000 IOLq.$_$8 0.0000 9_._53Z

0.0000 ZOq.Z09? O.r*,O00 COO000 _.0_0_

b99o_2 _I_6.5628

6qg. lZ69 _I_.L_30

_.0000 0.000_

0.0000 ZOq.2092 G.O003 0.00_ 0.0000

2_.9000 3_Z.660_ 1.1165 3_o?Iq3 S.r7_2

2q$.0000 n.O000 ?._578 0.9000 9.SgZ_

)o8617 |_.?6_7 3_3g,6737 696.6|6? _|36._99S

0._000 20_o20q2 0o0000 O.O0OO 0.OOOO

Z,_?_ O.9967 I._|_

Zq_olO00 0°0000 0°57_6 0.0_00 2.L_3_

0.0000 Z0_,20_2 0.000_ 0.OOOO O.OCO0

O,ST_a O. 9?66 _._Z_

_qS. ZO00 0.000_ 0._630 0,0000 0,6_2_

3.88_Z _.Sl2b 3_3B._3_2 69S.8_6 _13_,7_68

0.0000 _09.209_ _o0000 0o0000 0.000_

2T._63 0.0000 ;_lq. SsS$ 0.0_00 9_._$3Z

2q_°3000 O.CO_O O.0OOO 0.030_ 0.0000

0.0000 _Oq.ZCq2 0.0000 0.0000 0.000_

2_.qq63 O.O0_n IoLq.5$SS 0.0000 _6_.S_3_

0.0000 0.973_ L°_298

0.0000 _Cg.Z09_ 0.0000 O.O0OO _.0_0_

0,00_0 0.9_3_ |.5?98

2qS._O00 0.00_0 0._000 O.O00q 0.0_0

0._00_ 209.20q_ 0.0000 0o0000 _.000_

0°_000 0.973_ _,SZq8

29S._000 O.CO_O O.OO0O 0.0000 0.00_0

0._000 20q.Z09_ 0,0000 0°0_00 0.OOOO

2_.q_63 0.0000 I0;9._$88 _.0000 _6_,$53Z

Z_$,_O00 * 0._000 0._000 0,_00_ 0,0000

0.¢000 ZO_.20q2 0.0000 0.0000 0.000_

2_$,10_0 0.0000 0.0000 _.000_ 0.0000

0o_000 20_,ZOq_ 0.0000 0.0000 0.000_

_,_,9_J O.O0OO lO_._Sa 0.0000 96_._3Z

OoCO00 O.qT3_ Io$298

_9$._,000 O.CO00 0.000_ 0°9000 0,0000
2.¢¸6O8 Z°060_ 3_3q.<I00_ bq_._7_S _13_.l_

0.¢00_ _Cg,_09_ 0.0000 0.000_ 0o0000

O.CO00 O.q_3_ 1,529_
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• Appendix 3

Computer Program (F823)

COMPUTER PROGRAM (F823)

This appendix contains engine performance determination and reconstruction

of the S-IVB stage acceptance firing, using computer program F823 (table
/

AP 3-1). This program operates directly on measured engine functional

parameters from the beginning of the start transients to the end of the

cutoff transients, and is used for functional evaluation, evaluation of the

systems, and the determination of the performance profiles. A discussion

and a graphical presentation of the performance values are given in section 8.

I.i Acceptance Firing Data

The following procedures and assumptions were used to generate the printout:

a. The computation interval was 0.i sec.

b. Measurements of thrust chamber pressure, gas generator pressure,

LH2 pump discharge temperature, LH2 injection temperature, and

LH2 turbine inlet temperature were obtained from magnetic tape.

c. Obvious instrumentation errors and noise were eliminated.

1.2 Digital Data Abbreviations

LOX CONST

FUEL CONST

THRUST i

THRUST 2

TOT THRUST

AVG THRUST

MIX. RAT. 1

MIX. RAT. 2

OA M.R.

AVG M.R.

LOX consumption (ibm)

LH2 consumption (ibm)

Thrust chamber thrus_ (ibf)

Gas generator thrust (lbf)

J-2 engine thrust (ibf). :

Average J-2 engine thrust from 80 percent thrust

to the particular time thereafter (ibf)

Thrust chamber mixture ratio

Gas generator mixture ratio

J-2 engine mixture ratio

Average J-2 engine mixture ratio from 90 percent

thrust to the particular time thereafter

28 September ].966
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Computer Program (F823)

I SUBSP I

I SUBSP 2

OA2 SP

AVGISP

W DOT0 1

W DOT0 2

TOTWDOT0

AVGWDOT0

WDOTF 1

WDOTF 2

TOTWDOTF

AVGWDOTF

WDOTT 1

WDOTT 2

TOTWDOTT

AVGWDOTT

334

Thrust chamberspecific impulse (see)

Gas generator specific impulse (see)
/
!

J-2 engine specific impulse (see)

Average J-2 engine specific impulse from 90 per-

cent thrust to the particular time thereafter

Thrust chamber LOX flowrate (Ibm/sec)

Gas generator LOX flowrate (ibm/see)

J-2 engine LOX flowrate (Ibm _ec)

Average J-2 engine LOX flowrate (defined similar

to average thrust) (ibm/see)

Thrust chamber LH2 flowrate (ibm/see)

Gas generator LH2 flowrate (ibm/see)

J-2 engine LH2 flowrate (ibm/sec)

Average J-2 engine LH2 flowrate (defined

similar to average thrust) (ibm/see)

Thrust chamber total flowrate (ibm/see)

Gas generator total flowrate (Ibm/see)

J-2 engine LH2 flowrate (ibm/see)

Average J-2 engine total flowrate (defined

similar to average thrust)(Ibm/see)

28 September 1966
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TABLE AP 3-1 (Sheet 1 of 12)

COMPUTER PROGRAM F823 (I,<:TBURN)

Appendix 3

Computer Program (F823)

• i " ""

• ? c • E ,
TJC T_UST T/C SP TfC U OOT T TIC V OOE O TIC W D_T F T/C
nHO LOX nHO LH2 GfG M OOT T GJG U COT O G/G V 0OT F GfG MR

] J-2 TNRUST d-Z ISP J-Z _ 0OT T J-? V OOT O J'2 W OOT F J-Z MR

&VG. J2 F •VG. JZ | 5P AVG. J2 OUT IvG. JZ DWO AVG. J20WF AVG. J2 MR
LOX CONS• Llll O/B LOX IN T_ LHZ OQNS. LH_ OIO LHZ iN TK

TOTAL I_PULSE

lINE - 1,0000
• 0 C 0 E F

I 0* O, O* 0, 0* 6,0L|IE 00

Z 7,O++9+ 0I +.+++e+ O0 *,0**OE OO 7,S++O+-OI O._qO)E O_ 2*099Z+*01

) O. O, 4.5+40E O0 ?.O)60E-OI ).$90)£ 00 2*og+ZE-OI

0, • Oo O* 9, 0*
0

3.4654E-01 q.O6ObE-Oi hq30•E 05 1.633TE O0 1.6506E 03 4.OTO4E 04

1OT•L Im_LOE - 9.O+06E 00
...............................................................

TIN4| • I*IO00
• O C O E F

0, O. O. O, 0, 0,004)E 007,ObOOE CI 4,)OZ4E O0 _.q469E O0 4.1303E-Ol 2.6439E O0 /.OqqZE-OI

O O. O. 2+q4•gE O0 4.IO03E-OI Z.6439E 03 Z.OgqTE-OI

N O. 0. O. O. O. O.
O 3.qT84E-01 I,OITSE OO I.q306F OS |._TSlE O0 I.qOZTE O0 4.0704E 04

TOT4L IN_LSF - q.0636E 00
....................................................................

• $ C TINE "0 |.ZOO0 F F

4.|632E _3 2.IGqTE O) 1.9096E O0 I,S40I_ O0 3,6644E-01 6,2090E O_T.O646E O[ 6*OO?OE O0 Z.3390F O0 6.00_|E-OI I*q33[[ O0 2.09_2E-01

] 4,|632[ 03 q.?4|qE OE 4._484F O0 |,968qE O0 _,_qqTE O_ O.4T44E-O|

4 0, O, O, O. O, 0, -

O O*9ZPZE*OI I*2+6tE O0 1.9306E 05 2*IOOLE O0 2, ITT+E O0 6.0704E 04

IOTIL IMPULSE - 6*EJ+gE OZ

..................................................................

II_E - i_)000

• B C O E F

6,648LE 03 Z.OQO E 03 3,1_06E nO Z,3666E O0 e*3396E-OI Z,_llGE O_
6

7.06_E CL 4.30_6E O0 2.6400E O0 6.Z336E-OI Z.0LbTE 0_ 2.0QQ_-01

5 •,6401E 03 I.IOZOE OT 5.6204E O0 Z.TbqBE O0 2.8507£ O0 9./L62E-OI

4 Oo O. O. O* O* O.

5 8*_q?OE-OL |•OqTT[ O0 |.qOOb_ O0 2.39_ O0 2.4291E O0 6*OTO6E 04

IOTJ_,L. lUPUL_E - 1,0801_ 03

fINE - I,4000

• 0 C O E F

6.0614_ fit _.02T E 03 ].38_BE O0 _.ZbPSE O0 I.IZZ3E O0 Z.oISgE O0
I

T*G6bO_ _l 4._O_LE _O _.4%49E O0 _.43_E-O| 2. I|_TE O_ Z.0990_-0|

) 6.8616E C) I,ISSOE 01 _._407E G_ 2._'O&OE O0 3._34&E _0 B.3_SBE-Gi

6 ©. O* O. O* O. O.

5 I*|4G3E ¢0 I*gZ6)E 00 _*93_6E O_ Z*TIb6E GO _,T_O_E OO 4.0TO)E 04

TO_IL I_P'LPLSE . I,T?6eE O)

.....................................................................

fiNE " I*OO00.

Z T*4O 3E _3 2,0_1_ O_ 3,6qOTE O_ Z,448_E O0 I*Z_IIF O3 _,9_/|E _0

T.OeSTE CL 6.2984E OO Z.6Z/_E O0 4._O5_E-OI 2.00TZE 03 Z*O_JE-O|
T.4OLTE _3 I.ZIOOE 03 6.1214E O_ _.O_OIE O0 3.25B_E 03 8.8044E*0l

• 0. _. O. _. O. O,

O I.4ZTZE _0 2.26TZE O0 1.9306E 05 O.042qE O0 3.0q50£ O0 _.0703E O_

TOTAL IHPUL SF • _.4ZZgE O3

...........................................................

TI_E • 1.5000

• O C 0 E F

2*3745E 06 7.03_0E 03 I.I_6TP Ol T. e6IYE r)O 3.8056E O0 Z,O_q_E 03
?*Ob4lE Cl 6*30_6[ O_ ?.SS_TE O0 6.433_E-01 _.1163_ 03 _*O_4eE-Cl

40. O. _* O. O* O*

5 2._4TTE OO 3.1431E O0 |.q306_ O_ 3.63_YE O0 3.&gT|E O0 4.0?02E G6

lnl_L I_UL5_ - *.ow_ 03

Yl_E - 1.7000

"A • C 0 E F

3.2361E 04 |*1420E P_ Z._33&E OI 1.9_IOF nl 9.0463E O0 Z.ITZ_E CO
7.C6ZOE el _.TZ63E O0 _.66qTE O0 6,6141E-C! Z.18Z?E 03 Z,14_4E-OL

5 3*23eLI C_ I,C4_6F 03 3.0986F OI I°qTSTE O[ I.IZ?OE OL I.T49_E O0

0, O. 0, _. O. O.

O 4.23_4E rO 4.Ie4+E OO 1._+0_+ 04 6.T+t4F _P 6._|_ 00 4.O701E 04

I_TAL IMPULSE - 8.134+E 03
....................................................................

TImE - 1.8_0

• m C O m F

O*79_E 04 _.186_E O_ _.6_13_ OI J.O_Ta_ Ol 1.47)4E 01 |°_#)_E O0

40. O. O. O. O. O.

5 T.29|3F C_ 8._9_F O0 I.%_04F _ _•_3_E O0 6,4_6q_ O0 4,0POOE 04

TOTAL I_I_[SE - l*I_E 04
......................................................................

tlme • 1.900_

A R C O E F

7.0_33E OI 6.3445F O0 Z.R_6_F O0 %,654_E-01 Z*31OTE 03 Z._47ZE-_l

.3 6.EqqQE c_ .T.k_OEO_ 6._ZTTF O_ 6.G8ZZE _I I.q65IE 31 Z,OQ_YE 03

60. C. O. n. o. O.

1*1376F _I 1.263eE nl I,q304E _4 n. Zt_lE oo _,31_F O0 4.0_99E O_

" ynr4t ImP_LS_ - |.6_24F _4
......................................................................

• O C O E F

4*6TI|F C_ b*q7_O_ O? 6._6_F OI _*799_E el |._97_E OI 2*_8UE O0
/*Ob4_E CI 4.3_h_E qO _*C_OE _P 6,_T_F-OI 7*_147F O) Z*_OBO_-CI

3 6°67;1F _._ 6._77_ O? T*COIOF O| _._I_F Ol ?,lT_TF o_ Z.?TzP_ c3

60* G, O. O. O. O.

........................................................................

rlqE • Z. lO00

l II C 0 S F

| 5.2267_ 06 E,42tqE 02 8.105_E 01 0,_&B+ 0I 2.171q£ 0I Z*74T3E 03

Z /*060_E C! _.3_4E 00 3.2013F 00 6.06_2E-01 2.0140E 00 Z*?310E-OI

5 0*2Z6TE 06 6.1?_?E 0Z 8.44e_E 0I &.O344E Ol 2.6236E O| 2.4904E 00

4 0• 0. 0* O* 0* 0*
5 2.2271E _! 2.36+.TF OI l.q30_f 04 _ I,Se39E 01 I.Zq60E Ol 4.0_93E O4

TOTAL I_PULSE o 2.612_E O4

TI_E _ _o_O_0

1 _4_E O6 5o914_ O_ _,O040E 0_ _o462I_ 0I 2•00_3_ 0L 2o00_ 00

2 _o06ETE _1 _o_4ZI_ 00 _o_TT_ 00 _•3_E_0I 2o0657E 00 2o_64_0!

$ 0._4_T_ _ 0_7_ O2 IoO3T3_ O_ T.5055_ 0I _o03_ OL 2o64_2_ O0

Oo 0o Oo 0o 0o Oo

2.90_6E 131 _•I038E 0| _oq30_ 0_ 1o4_T_ O! Io0_E3_ O_ 6,0_90_ O6

_OIAL _L4_ • _o2064E O4

TINE - 2*3000

• _q ¢ 0 E F
1 6.7011E t"6 O*S324E OZ l,ItIZE OZ q.O266E OI 3.0OTQE Ol 2.q2Z(sE 00

2 T, C6?6E 0L _,3046E 00 3,41t6_ 00 T,7060Eo_I Z,S6|0E 00 3.032/E-0_

3 6,T01LE O4 5o385ZE O_ 1,7666f O2 9,101_E 0L 3,362¢E 0L 2,T236E 00

• 0o 0o O, 0o 0. 0,

4 3,8900_ 01 **01<_6_ _1 1,9302E O5 l,qOI_E 01 IoqISOE 01 _o06_7E 06

TOTAL INI_LSE - 3,07&EE O4

TI_E • _o ++000

0 C O E
| To60_ _4 _o_6_ O_ Io6_4_ 0_ 1,090I_ 0_ _oE648_ 0I _oq_0_ 0_

2 T_06_ _I _o04_E 0t_ _ 00 _•0_3E_01 _,_2|_ 0_ 5o_0_

To6_ 06 4o0q4_ 0_ Io6qI_ 0_ _o0_q_E 0_ 0oqS_0E 0_ _,T_q_ _0

• 0o Oo Oo 0o 0o 0o

0 4.90q_ _! _olE6_ OI Ioq_I_ 0_ _o_q66_ 0I 2_3_30_ 0_ 6o0_03_ 0_

TOTAl. Im_JLSE • 4,_6_ 0_

TItlE • 2o$000

• _ C O _ F

I _o0q_l_ O4, 0oO_+0_ 0_ I*?_7_ 0_ Io_04_ O_ 6•_E_ 0_ 3oIq_ _0

To0_ 0! 6o34++_ 00 6.6_4_ 00 _oI3_IE 00 _o_6_4_ 00 3o3_00_C|_o4q_ 0+* 4._$_ 0_ Io_E _2 Io016_ 02 6•62_0_ 0_ _o9_4_ 00

A _o C, O_ _o 0o • 0o

5 _,30E3_ 01 _o6_ _ _oq_00E 0_ EoT_E 0! 2oTOT_ 0_ 4•O_T0_ O4

• 0 C TII_ _D _o_O0_ _

_ _oOOe_E O _* ,_._ O_ Io9_6_ O_ _o40T4_ O_ 6•_ O_ 0_6_4_ O_
7oC_T_ O| _o_T',_ _ 6o_e_3_ _ _oI_E O0 _oI_3_E _ _*_-_!

$ _o40_O_ _ _,o_ O_ I•_E 3_ _o4_ O_ 6•I'06_E O_ _o_O_ _O
4 C* Oo Oo Oo _o Oo

O _oE_ ¢1_ _oq70_ O_ I•_q_ O_ _o20TE_ O! _._ge_ OI 6•O_T_ O6

_OI_L I_P_L$£ _ _•66_3_ 06

_ _ I: TI_ _O _o_O_O E _

! _o039_ _ 4oT'_IE _ _?_ O_ |•_t'_E O_ 4oEO_ OI _.43_|_ O3

_ oO_ _! 6o_'_E _O 4o_0_,_ O0 IoI_I6_ O_ 3._ _ _o_0|
_.O_4_E O_ 6o_701_ O_ _o_6_ O_ Io7106_ _ 4oIIO_ O| 3o_67:E O_

• _o _. Oo Oo Oo _o

E _.43_ _ q_ O_ Io_ (14 _oTtS_ O! _o?_3_E OI 4_O_,_E O_

T_T_ _UL_ • To4064_ O+

TImE _ _oI_OO0

A # ¢ O E _ E
| _I4_4_ O_ 6•_,_,E O_ _4_'_ O_ Io_6_ O_ 4_Iq_E O! Oo_O_ _O

_ o_ I_ 4._4_ O0 _,o4_,_I_ O0 Io_4|_ _O _o/'_+O_ O_ 6._-0IIo_4_E O_ 6•4_0I_ O_ _•_6_ O_ 1._44_ O_ OoT_,E_ OI _o_4,'_ O_

4 _o O_ _ Oo _• O.

O I._6qI_ t'_? _._a_ O_ _•_E 04 6o_6E OI 6o_ O! 6•0E_3_ O4,

• • T_ _ _•_O E• _ C _ I1 E

| _o_,_ _ 6_4_I_ O_ _olq_,|_ O_ _o_4|_£ _ _o|_|3E OI 3o_,_ _'_

_ _I_ _ 6._4_9_ O0 6o_3_' _ Io6_4_ O_ %_,_ _ 6•_9_|
_._,_ _'_ 6_4_ O_' _o_9_E O_ ?._64_ O_ 6._,_ OI _o4_IO_ O_

• _• O • Oo Oo O• O_
_ |.3_4_F O_? |_3_ O? Io_ _ 4o'_'14_ _I _oq_'_TE OI _O_ _,

_OTAL I_UL4F _ _•_6_ O+

_|_ • _oO0_O

i_ _ C O E E

_ I_3_ O_ _O _ 0_' _._I|,_ _ _o'14_|_ O_ _4_7_ _I _T|I_ _
|

_ L.632_e 0_ 6.,3R97F n_ _._,Z_ O? _._6_4F 02 6.9_]r Ol 3,69_3_ O3

4 O• ¢,+ O. O. O. Oo

rOIAL |mP_LSE - I*|_6qE O4

_|_ • _oIOO0

_ O C O F __ Io4_ 7_ _:_ _,_|_'_ OZ _o_,T_,_ _'_ _'o_',_E _' _._I_ _ 6o_4|_ _'_

_ _o0_9_ C_ _,_I_,_ _ %_|_ _ |oTq_|_ O_ _,I_'_ _ _o_,_I

_O |o4_,7_ _ 6_,_1_ O_ _o_'_ O? _'•_Z_ ,_ _o_I_ '_ )o_I_ I_

_ _• C_ Oo O• Oo O•

O _o9I_ O__ I_O_ _ _.q_ 0'_ ,5..'_e,_ _| 6o_,'_ O! _oO_,_ O_

• _ _ O E E

! Io_,_ O_ _?_ _ _o_,_ t_ ?o_ O_ ?o_'_ O| _,_'_ 03

• _• _ • _o Oo Oo Oo

4 _o,_¢_II O_ _o_?_ _;' |._',_ O"_ 7oIZ_ _| 7oI_'_ _! '_*O_,_ _,

_ _C |m_uL_ • _|o_|'_ O_

28 September 1966
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TABLEAP 3-1 (Sheet 2 of 12)
COMPUTERPROGRAMF823 (IST BURN)

rt_l_ • 4.¢ooo

• B ¢ O s F

TOrA_ tNPULSE • _,6Z60E _S

• . . - •

TIqE - _._000
• B C _ _ F

28 September 1966
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TABLE AP 3-1 (Sheet 3 of 12)

COMPUTER PROGRAM F823 (IST BURN)

•Appendix 3

Computer Program (F823)

TIME • S.6000

• S C 0 E F

|*93ZtE O5 4.tZt•F O_ 4.670Z£ O_ t.6048E O? ?.85)1_ 01 4.69ZZ£ O2
7.0776_ OI _,3609E O0 6.tT6?E O0 2.9148_ O0 3.*&lqE O00.tt97E°Oi

|.93ZT_ CS 4.2628E OZ •.SttqE OZ 3.71',0E OZ 8. t993_ 01 4.52q/E O0
|.|9)ZE C5 4.Z773_ O2 4.476Z_ OZ 3.tZ_tE O2 7. qtgo_ OL 4.5_t4! GO

$ 1.0749E C3 |.0701E O3 t.q198F O5 2.6160E C_ _.6_83E OZ 4.0_43E

TOtSL IXP_L$E • 5,923_ OS

TtmE • $o7000

• | I*_ IF 05 4.321 E O2 4,499_ OZ 3.torte OZ Y,88tSE 01 _.6961E O0
Z T,C776E 01 4.360t_ O_ 6,_404_ O0 2.q_SOE O0 3.5424_ O0 g.4_31E-O!

|.9401_ 05 •oZ595F 02 4.5540F OZ 3.1312E O2 8,235tE Ol 4._305E O0
1.8955_ C5 _.Z764E OZ 4._32_ OZ 3,6333E _Z ?.qgltE OL 4.$465E O0

S _.II2ZE O3 I._t_tE 03 1.91q5_ O5 Z,tqBtE O2 2,?IItE OZ 4.0435_ O_

TOTAL I_ULSE - 6.117_[ 05

_|_

_°_?t_ _ •°_l_ _ _°_ _ _.90_ _ _° _ _ _._|_°_l

t_ _ •_00_

_t_L _$_ • _°_t_ _$

/ ) TI.E - 6.)00o

| |.e5 M£ CS 6.322 _ O_ 4. SIZgF 02 3.7276_ 02 7.$_36_ Ol 4.?_61E O0

7,C175( O| 6.1611E O_ 6.30_7£ O0 Z.q_29g 00 3.3798F O_ J.•_8|E-G|l.qSCOE 05 6.2631E 02 _.q?sqf _2 _.7_6_f 02 8.1qlbE O| _.5862E O0

• 1.901Z_ ¢5 _.27_£ O_ _._6I_F o_ _.6_qO_ OZ 8.O_StE 01 _._7TE O0

$ |.31TIE f) 1.3_06E Ol 1.q172_ OS 1o|921[ 02 3._076E 02 _.OllS_ 06

TOTAL I_P_JLSE - T*ZSS_[ 05

TINE - •.•C00

• • B ¢ 0 ff F

_.94 nE n5 4._?_" 02 4.507_F O? )._217F O_ _._sq_ O_ 4.75Z7_ O_

|.948B[ _S _.26_6£ O_ _.5TIPE OZ 3.7_T[ O_ 8.|814E _1 4,5881_ O0
|._087E OS 4.272AF 02 •.4675_ OZ 3.6674_ O? S*OSO6E 01 A.S_ZE O0

S |.3746E C3 1.378_£ O_ |.qlb_E OS 3.27.1E OZ 3.2899F OZ 4.0377E 04

TQT4L |nPUL$_ * ?.4SOLE 05

.....................................................................

T|X£ • •.5000

|.9_ 7E 05 4.3_3E OZ _,SIIIF O_ _.7_87E OZ 7._237/ _1 4. t65 E CO?*07tgff CI _.3608_ O0 6._4E O0 3.|051f O0 3,_tttE O0 8.679_E-01

l*9_PTf O_ 4.2&I2E O? 4*S77qE O? 3*TSI_F O_ B*IS14E OI 4.59_E CO
|,9|O|F r_ 4.2720_ o_ 4.47t3E 02 _.66_f o_ _.0557E OI 4. SSOqE O0

I*41Z_E r3 |.4l_8_ el l.qltSE O_ _o3_S_E 02 ?.3_IE O2 4.036_E O_

A e C TIXE "0 •.6OO0 E F

I.q561E P5 4.3_9E 02 4._30E 02 3.?_22F 07 7._0_ 01 _*?_26E O07.Gt81_ C| 4.3bI3_ 0o 6.7S6SE O0 3.14_6_ OO 1.61L_E OO 8.70_3E-01

3 1.9561E C5 4.2612E O2 4.5q06_ OZ 3.7736_ O? _.l_q_ Ol 4.61_2E O0

4 1.911?_ C5 4.2716F O? 4.6753F 02 3._6_4f O_ 8,05_0F _ _._55_E O0

S L*64_gE O1 1.4536_ 03 I.qltIF 05 3.4376_ 02 3._54_F 0l _.03b1£ 04

TOTIL IMPULSE - 7*_TIIE 05

• _ C TIXE "0 6.7_00 _ F

1.9641F C5 6.3249E 02 6.541qf 02 3*761_F 02 ?,_O03F ol _.8227E 00
7*O?OIE O| 4.t625_ O0 6,593q[ _0 3.0753[ O0 3_??E O0 R*I45_E-OI

) I.qb_tF O5 4.2_3¢E _ 4.6078f 02 3.79_6 _ _2 8.1_21E OL 4.652_E CO

1.9t3_£ e_ 4.Ztl_r o2 _._79TE cZ a._?_5_ _2. _*OS_IF Ol _.5_5_ O0
1._979F C3 1,4916£ 03 l.q157E 0_ 3.51qlf C2 1.5_62E 02 4.0352E C_

T_tAL IMPULS£ • l.o_T_£ 05

Tln£ • •.SOOO

• O C O E P

J t._714£ O_ _.;I_ZF O? 4.qsTq£ O? 3.778_£ O2 7. T89_E 01 4.a_t E O0
3

1.07gOE O| _.3635_ O0 6.3OOO£ Of 2.q45t£ O0 3.3550£ O0 8. tleZE-O[

3 1.971_E O5 _*;[662£ O_ 4.620_£ OZ 3.eoe_ OZ 8.1Z_0£ 01 _.6S72£ O0

• io_|53F O_ 4.;_712£ O2 _**84tE OZ 3,67?7£ O_ 8.06*tF 01 •.5&06£ O0
1.52Sq£ O3 I._Zqe£ O3 |.ql5_£ O5 1.600_£ O2 3.617_£ OZ _.03_4E O4

IO'TAL [N_JLSE • 8.2649E O_

I _ _NE • •°_

|°_£ _ _°_ _ _°_t_O _ _°_ _ _°_•_ _ _A_£ _

_°_£ _! _°_l_ _ •°_A_ _ _°90t_ _ _._£ _ _.t_£-_|

| _°_1_£ O_ _._7_£ _ _°•t_ _2 _°_ _ _°_£ _ _ot_£ _
• _°_?_£ O_ _._ _ •o_?_ _ _°_l_ _ _._•_$£ _ •°_£ O0

_•_ _PU_$_ • •°••_•£ _

| _°_A£ O_ _°_£ _ _o$_£ _ _o_A_£ _ _._ _! _°_£ _

_°_$_£ O_ _°_ _ _o•_t£ _ _°_£ _ _°_A_£ _! _._£ _

|°_£ O_ _°_£ _ •°_t_£ _ _°•_?_£ _ $o_•?_£ _ •._ _

_A_ _$_ • |.••_£ _

• ? c o _ ,
| |.qqlg£ O_ 4.3_3 E OZ _.•O_6F O2 3°8266E O2 7.g! Z£ 01 4.8q_5£ O0
Z 7.O78O£ OL 4._1636£ O0 6.6toe£ O0 l. IOISE O0 3. St6q£ O0 S.O|98E-OI

3 1.q919£ O_ 4._tSE OZ 4,6738£ O_ 3.g_76£ O_ g. t619£ 01 4.7264E CO

• l,q2tl£ r5 _._706f OZ 4.4q_OE 02 3.69t_£ OZ 8.070_£0! *.5t_6£ O0

_._A12£ O_ 1.64_2£ O) 1.qi47£ O_ 3.$445£ OZ 3.8634£ OZ _.0320£ O_

VOTAL t_P_JLSE - 8,860_£ 05

|._ _£ _ _°_£ _ _o_ _2 _°_£ _2 _°_£ _ _°_ _

_°_1_£ O_ _._•_£ _ •o•|_£ _ _._£ _ _._2_£ _ _o_£-_1

_._£ _ _._ _ _°•_£ _2 _._1£ _ _o_ _! _°?A_£ _

_°_2_£ O_ _._7_ _ _°_£ _ _°•_t_£ _2 _°_£ _ _o_£ _

$ _°•7_£ _ _°_£ _ _°_£ _ _°_2•_£ _ _o_ _ _°_t_£ _

_N£ • _o_00_

| _°_•£ _ _°_£ _ _°•_ _ _._£ _ _,_£ _1 •._7_£ _

?°_£ _! _°_£ _ •°_£ _ _.1_|_£ _ _._£ _ _£-_!

_._£ _ _°_£ _ _°_1_£ _ _.90_ _2 _._1_ _| •.tt_£ _
_o_ _ _o_?_ _ _°_£ _ _°_7£ _ _°_ _ _°$_ _

_AL I_;UL$_ • _°_•_£ _$

_1_£ • _o_00_

_°¢_£ O_ _._ _ _°t_£ _ _°_£ _ _°_£ _! _°_ __°_•_ _ _°_ _ _°_T_£ _ _°_|_ _2 _°_t_ _| _o_£ _

$ _°_£ _ _°_£ _ |°_0£ _ _°_£ _ _£ _ _°_$£ _

¥_t_ _J_$£ _ _°_•_ _

_ • l° _00_

_°_t_£ _! _._$•£ _ _._ _ _._8_£ _ _o_•£ _ _°_£-_

_._ _ _°_ _? _°t_£ _2 _2_£ _ £°_£_£ _! _°_2£ __._£ ¢_ _._£ _ _°$_ _ $°_•_£ _ _._£ _ _°_£ _

|°_ ¢_ _._E _ _°_•_ _ _°17_£ _ _o_£ _ _°_2_£ _

1 _.0539F C5 _._t_e o_ _.7_OE _z 3._9_e OZ 7. S_$5£ Ot 5.OZ7_E O0

3 Z.0_39£ C5 _.25_£ O? 4.8_0F 02 4.00ZtF OZ O. Z59_E Ol 4.B_SAE O0

l*q346E OS 4.2688£ OZ 4.S)?OE O_ ).?232£ O_ 8.0_N1£ O| 4.6333E O0l.eta2£ 03 l.e_z_f O_ I.qtZZ£ O_ *.2550£ O_ 4.Z_61[ 02 _.0_t8£ O_

TOTAL IMPULSE - 9._?tqE O_
...................................................................

• 8 C VINE "O 7,7000 _ F

| Z*o?|qF 05 _,_|07F _Z _._q65¢ 02 _*0089F O_ 7=q758_ OI 5.02b)_ 00

t,OT79£ _1 _._ O0 6.1754E 00 3.210_F O0 3.5654_ O0 9.00_£-0%

5 _.8786_ _3 I.eO;qe 03 i.qtl*_ o_ _._)_te 02 _.359_£ 02 4.0270£ O_

IOTaL I_LS_ " I.OOnlE 06
......................................................................

A B C liNE "0 7.00_9 E F

_*OqG2E _5 _._sE O_ _oq5_£ OZ 4*Okq_F 02 8,062q_ O| S.OZII£ 02
7.0_80£ OL &*3b3CF O0 6.6|25_ O0 3.14_3£ o_ 3.4702E O0 9.05_0£-0t

|,9_|7£ 05 4_2678F O_ _.5_qbF C2 3.73_4F 02 8.101T£ O| k.6156£ Cg

ItQ_Q_ oJ L.qz37f O) 1._114F 05 4*_224F OZ _.44_4E 02 4.0Z6ZE 04

TflTSL lePUtS£ - 1.0290_ 06

..................................................................

TI_E - t.QOOn

• 6 C O • E F

| _.1002_ O_ A._OCRF _ _.qotqF 02 a._BR|F O_ 8.1_8_ O_ 5.0233E O_

£.o?_n_ _t 4._634F on 6*Y35_f OC 3.2072F O0 3*5278F GO 9.09L3E*01
2,1082£ 05 4.24_5E O? _*q&q_E O_ 4._20_F 02 R.491]_ OL 4.85ZlE O_
1.9_6E 05 t,.Z_7_ OZ _.S_q4E 02 3.7_03( O? _.II05E 01 4.6214£ O_

$ I.q_CbE 03 1.9_OE _3 t.gllOF 05 _,50?_F O_ 4.5_q_ O? 4.0Z53£ 0_

tOTaL lu_JLS_ - 1.0_01_ 06
....................................................................
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Appendix 3

Computer Program (F823)

TABLE AP 3-1 (Sheet 4 of 12)

CO_UTER PROGRAM F823 (IST BURN)

TIRE - n.0co_

I Z.13 TF 0q 4.2q5 2 02 *.q_45F 02 A.14Z•F O7 8.21822 Ol 5.0409£ •0

T.OT•qE el 4.36332 00 6.19_4[ 00 3.Z4452 00 3.55402 0_ 9.129LE-01
Z. 13272 25 4.23192 OZ _._32_2 _c 4.1•522 OZ 8._7362 01 4.86982 0_

1._q92 05 4.266_E 0Z _.520_E 0Z ).•_lE O2 q.l?lAE 0L 4.62•42 00

• 2.C0232 O3 Z.006_2 O3 I.q1062 05 4.5q312 0Z 4.616O2 _2 4.0244E 04

1oral IRPULSF - 1.0•142 O6

TgRE • •°I••_

A • ¢ _ E F

2°1$53E C5 4°29_ E •7 q°_2n92 0Z 4oI_392 •2 _6q_2 _! 5.•7162 on
7.0TTEF 01 4.36352 00 6.TeqEE 00 3.Z4_•E 00 3._4L12 00 9.17422-01

3 _.1553_ ¢5 4.2354E 0Z 5.05_A2 _Z _.?2_4E 02 8.6_3_2 0l 4.90LOE 00

1.9545E _5 A.26572 07 4.5519E 02 3.76_6E nZ 2.15272 01 4.63_2 00
2.04462 03 Z.04_IE 05 1.91012 05 4.62q52 O2 4.10272 02 4.0Z36E 04

EO•IL I_JLSE • 1.0_302 O6

: : c • E ,
2.11 5E O5 4.Z9! £ OZ _.0601F _2 4.2316E O_ 8._5_£ 01 5.1O7O2 00
1.07•12 0! 4.36312 0O &.l_)0E 00 5.25972 00 3.53352 00 9.Z_E-•!

3 2.13152 05 4.Z_62 0Z 5.1Z_IE O2 4._6422 O2 8.6391_ 01 4.935q2 00

1._5922 ¢5 4.2649£ O2 _.5_59E O2 5.1•_F O2 8. L43_2 01 4.6_092 00

5 _.O_l_E O3 2.091_E O3 I.�•q•_ O5 4.765TE 0_ 4.70_52 0Z 4.02212 O4

TnTIL I,PULSE • 1.11412 O6
...................................................... 2 ............

_.le_gE C_ *.Z_C_E 02 C I1_£ -0 0.3C00 E F

_ _.09_42 O? 4.Z62•E O2 2.?_682 01 5.1378E _
I.C716E C| 4._302 O0 •.0_3qE 00 3._q852 00 5.6_42 O0 9.27112-01

_ _.184qE _5 4.73182 0Z 5.16502 0Z _.29_12 07 _.b6532 01 _.9_62 00
1.96AIE 05 4.Z641_ O2 A.60_IF _? 3.•9062 0Z _.15502 Ol 4.64_ZE O0

S 2.15_22 05 Z.I3AS2 O3 I._0_32 O5 4._5_32 _Z 4._1_7[ 0Z 4.0Z182 O4

• nTIL [R_LSE • 1*1565E 0_

_ • _o4_•

• E C _ E _

_.i_ _5 Ao_ _2 _o_5_ _2 _o_5_E •_ _._ _ 5o_4_E _

_ 1o©•_•2 •I 4o_ •O _*_ _ _5_•_2 •_ _T•_5E _• _o_2_•!
_o_¢_ _5 4o_2_ •_ 5o_2 _ _o_4•_ _ _o_45_ _ _o_E _•

_ |o_I_ •5 4o_ •_ _o_ •_ _o_I_ •_ _o_T2 _I 4_5_•_ _
_oI_2 _ _*|_52 •_ Io_ _ 4o_5_ _ 4o_A_E •_ 4o•_2

• TOTIL l,_Ul$E - 1.15862 O6

T_E • _o51_

• • C O E _

_ _o_|T_2 •5 _o_2_ •_ 5._T_ •_ 4o_T_ •_ _o_5•_ _! 5o_•_ I_
lo••T_ _ _o_2_2 •_ ?._•_2 _ _o_•2 •• 5._4_ _ _o_-•!

_ _o_I_2 •_ _o_•_2 •_ 5o_5_ _ 4o_T_ •_ _o_ _ 5o_2_2 _
|o_T_E •5 4o_42 _ 4o_5_•2 _ 5o_ _ _o_ _ 4o_ •_

$ _*_•_2 _ _*_2 •_ Io_42 •_ 5_ _ 5._2 _ _.•_2 _4

_ _o_ _2 _5 4o_2_2 •_ _o_•2 _ _o_ •_ _ •_ _o_I_E ••

_o_T•_ _5 4o_ _? 5o_ _ _._5_ _ _.•_4_ •_ 5o•_2 _

• _o_ _ _o_2 _ 4o_445_ _ _._5_ _ _o|_ _ _o_ _

$ _o_I_2 •_ _o_ _ _o_¢ _5 5o_I4_2 _ 5o_2 _ _*•_2 _4

• ••_ _PU_E • _o_•_2 _

1I_ • _oT_•

_ _*_•_ •5 4o_I_ •_ 5o2_ _ 4o_•5_ _ _•_ •_ $._5•_2 _
1.•1_2 _ 4o_ _• _o_5_ •• 5o4_2 _ _o_ _ _.4_2_!

_ _._•2 _$ _o_1_ 0_ 5o_ _ 4o_•_5_ •_ _o•_ 5o•4_ _
0Z

I.q2432 O5 4.26092 0Z 4._5TIE 07 3.a)712 0Z e. Z00_ OL _.679_2 00

$ 2.30542 0) 2.31O22 05 I.'_TSE O_ 5.20152 OZ 5.?Z772 OZ _.0L832 O4

• nraL ImPuLse - l._z_42 o_

• E C ll_E • _ o _t'_•

_ _o_3T_2 _5 _o_ _ 5._I_ •_ 4o3_42 _ _o35_ •_ 5o_4_ _
To_3T_2 _I 4o_2 •• To_ _• 3_54_2 •• 3o•_2 •_ _4_5_2_•!

_ _._1_ _5 4o_3_ •_ 5o_4_ _ 4o_ •_ _.T3_E _ 5o_•2 _
_._2_32 _5 _o_I2 _ _o_5_ _ _o_ _ _._ _ 4o_ _

_ _*_ _3 _o3545_ •3 _o_•_ •5 5o_2 _ 5o3_55_ _ _.•_•42 _

• O•_L I_$_ • Io_4••_ •_

_ _ ¢ _ E _

_ _o_3_•_ _5 4._•_2 •_ 5o_ _ _o_5•_ _ _o34_ _ _o_ _

_ 1o•_2 ¢_ 4o_•_ •_ _o_ _ 3o_4_ _ _3_2 _ _o_•_2-_I
_o_3_2 _5 _o_ _ 5o_ _ 4o4_ _ _._2 _ _o_2 _

• Io_4OE _5 4_5_5_ _ _o_3_ _ 3o_ _2 _._¢_ •! _ _

_ _.3_3_2 _ _.3_ _ t_ _5 _o_ _ 5_ _ 4o_2 _

T_3_ |_1_2 • Io_2 •_

• • _ •_R_ •O _°•_• E _

_ _o_5_ _5 _o_•_ •_ 5o_E •_ _o3_2 _ 5o_ •_ 5o_5_2 _

_ T_•T•_2 _! 4o3_ _ _o_5_ _ 3o3_ _ 3o5_3_E _ _*_-_!_o_3_42 _5 4o_32 •_ _o_ _ _o4_4_ _ _ 5._ _ 5._ _

_ Io'l_ _ 4o_ _ 4._5_ _ 3._ _ _o_2 _ 4_2 _

5 _*_33_ _3 _o4_ _3 Io_ _5 5o4_•2 _ 5o_E _ 4o_5_ _4

• _•_ _R_'U_$_ • _o_5_ •_

_ _o_3•2 •5 _._3_ _ _o_•_ _ _ _ _o_3_ _ "_o_5_2 _
_o_•3_ _| _3_ _ _o_2 •• _o4I_ _ _._ _ _.5_2o_|

_ _o_3_ _ 4._3_5_ _ _o_•?_ _ _o4_ _ _._ _ 5o_ _
_ _5 4o_5_ _ 4o••_42 _ _o_•_ _ 5_ *_ _o_2 _

_ _o_E_2 _ _o_1_ •_ _o'_'05_ •5 5o5_2 _ 5_53•_ O_ _o_452 _

T_T_ IR_$_ • Io_I_5_ _

TIRE * S.20OO

• • C • E •

| 2.23752 _ 4.2836E _Z S.?I_6E #Z 4.52532 02 8.33062 OL $.Z&442 09

T.O•T_2 _! 4.56362 ,)0 3.0•_12 0C 5.45352 00 3.616TE 00 9.559pe-01
2.23352 O_ _._3CZE 32 5.229_E nZ _.A_01_ nZ 8.69232 O1 S.0_512 00

4 _.00112 r5 *.25712 _Z _.•1_0_ 02 5.82_42 02 5.245*_ 01 4.11712 00

5 E.52632 P3 Z.53152 O3 I._0512 O5 5.6366E 32 5.66_ZE 02 4.0139E 0_

30•_L ImPUt $E o 1.53122 O6

_I_E • _o50_

_o_ _ 4o_2_ _ _ _._•3_ •_ •o_•_ •_ 5o3•I|E _ 5o_1_E ••
I

1.0TTS£ ©1 4.36362 )0 Y._4232 00 3.44682 00 3.5q552 00 9.S063E-0t

• 2.23452 05 4.2319_ _2 _.Zq0T_ O2 4.4L462 0Z 5.66012 01 5.0_732 00

2.GIIIE _5 4.2_722 .)2 +.•ZA0f O2 5.2q832 O2 8.25272 Ol 4.•EAZE O0
Z.53052 23 Z.515T[ 35 1.904q_ _5 5.32372 02 5.35232 02 4.01312 0_

20••L IN_ULSE • 1.35962 O6

TI_E • _o400•

• • • _ • E •

_o_3_E _5 A._ _ 5o_•_ •E _o3T_ _ _o_T_32 •I 5o_ _ 00
3

I*03732 PI 4.36382 I10 _*03152 00 3.447O£ 00 3°584ne 00 _.61562-01

2*23362 05 *.233tF ')2 5.2•66_ nZ 4.41282 O2 5.6_7_2 01 5*L0812 O0
2.01502 _5 _.2_622 0Z 4*1_2 02 3.q0362 02 8.25942 01 4.73122 00

5 _.61_62 O3 ?o_Iq92 1_3 [.Q0442 05 5*00q52 O2 3._3922 0Z 4.01ZZE 04

TOTIL IMPUt$E • 1.3ElqE O6

lI_E _ _o3•••

• 6.28q_2 I)Z C 4°39E62 E 5°297_2| Z.2394_ 05 _*2207_ O_ •Z S.29022 0| O0

I°0374_ OL 4.363_2 O0 r,035qE _O 5,4505E O0 3.585[E Qo 9°b2542-0|

4 2°0|882 OS 4oZS6_E _ _*7431E _2 3*q1652 O_ _*_660E 0| 4°•3512 O•

TOtaL InPUL$E • |°40432 O•

TIRE • _.•OOO

3 2.24132 05 4.23¢62 OZ %31I_E OZ •._382 02 8,681Z2 Ol _.l|882 O0

Z.OZZTE 0_ 4._5522 OZ 4.35_2 OZ 3._2532 O_ O.2T3OE •l 4.T_4eE 00

............................................................

• 4.2880EL O_ C 4.4oe22 E •5.25_ 02 O_ _.316_2 OI S.3003_ O_

3.016_2 01 4,3_352 oO ?,0•s_2 O0 3.4•362 OO 3.6053[ O0 _.63432-0|
Z.z46q_ 05 _.230_2 rl_ % 3106_ o? 4.44_-_2 OZ 8.62342 01 5*_ZOlE O0

4 Z.02632 05 4.Z_42 11_ _.7_1_20_ 3._33_F OZ _*27_72 Ol *.7513E O_

2.34•12 03 _*_53_2 .3 1._i2 05 6.0_9_[ O_ •.lOn_F OZ 4,00_6£ OA

IOTIL I_PUL_ - I*_49ZF O6

.....................................................................

TIRE - 9._OOO

• : E o E
I*0?692 Ol 4°36282 O0 _._61_ •0 3.41852 O0 3*5_302 O0 9.6_262-0|

3 _°15C92 03 4.21|7E (PZ _°_1912 0E 4.451_E O_ 8._746_ O1 5.I)122 O0

1.03022 05 4*Z_492 O_ 4.72092 OZ 3.94Z32 O_ 8*286|2 01 4*35172 O0
_,?9ZZ2 03 _,Y_71E 03 1.90772 n5 6.1564£ 02 6.187_E OZ 4.0083E

TO_AL INPULIE * I,_?|TE 06

TI_ - _.9000

I E C ° E •

2*2539[ 05 4.22q0E C2 _.2550E OZ _.4254E 02 8*2953_ 01 5033• E 00?0°7692 _I 4.3622_ CO _.9554_ 0O $.4161_ O0 5.558•E O0 9.65502001

$ 2.25392 P3 4,23202 C? 5.32452 02 _.45962 02 5.64312 O| 5*L561E O•

4 2*03362 05 4,Z545E 02 _.12922 OZ 5,950_20_ _,29192 Ol _.264*E O0

5 2*836_ 03 Z,8424_ C3 |°_92ZE 05 6.2429E 02 6,214_[ 02 4,00792 04

TQYAL IN_L/LSE - 1*4_432 06
.............................................................

• " " :14RE _ lO_OOOO •

k • C 0. E •

Z*25582 05 4°29C56 _Z 5*251•E OZ _.4313_ _Z 8._640_ OL 5.362 E O0
Z

7.07682 CI 4.3622E o0 7.[9662 O0 3.51a_£ O0 $.65782 03 9.6_442-01

Z.2535E C5 4,_32_2 02 5._79•E 02 4.46672 OZ 5.6_912 01 5,17602 O0
2.03?12 P5 4.2542_ _2 4._E 0Z 3.95832 0_ 8.2972E Ol 4.7?112 O0

5 Z.88152 03 Z*_B?[E _3 l*_Ol_£ O5 6*329_E OZ 6.36172 02 4,_0702 04

Tnrat I_UL5_ • l.516nE 06
................................................................

TIRE • _O.OOOO

• 6 C o E F

l 2*Z86_ 05 4*?_60_ _Z 5037_0F OZ 4,_0_02 02 q*14032 Ol 5.53392 GO
2 /.O_Y4£ el 4.360_E O0 T.2,_F O0 3.TL35E O0 3.632PE O0 9._ATOE-Ol

3 2*28632 05 4*2)_3_ _2 5.3_5F 02 4.5441F 02 q,5036E Ot 5.34382 0_

4 _*l_AqE _ 4*_?SF _ 5.l_OOE QZ 4.503_F O? 0.4622E OI 5,0_5bE 03

• O•AL I_ULS2 • 3.7957E 06
...................................................................

8 C "O F F

TI_2 _O.O000

2.3O 12 eS 4._612 _? 5.3_4o_ OZ 4.54032 OZ 8.13_[ Ol 5.5_36E O0?.01662 _I 4*36122 oO 7*1663F O0 3.5_002 O0 3*57632 O0 I.O03_E O0

3 2.3001[ O_ 4._)_32 _? _.4_72 oz 4.5P_YE 02 8._900_ ot 5.37012 oo

5 l.19702 _ I,1987_ 04 I._IO_ OS 2.53632 03 _.34352 03 3.8357E O4

• _T_L IXPUt52 - 6*OqO_ 06
................................. _ .....................................

• • C TlUE "O AO.OOOn E F

2.2372[ P5 4.'2_E OZ 5._OGF o_ 4*5523_ OZ #.1•75_ Ot 5.5423_ O0

J _._TZE r_ 4.Z3_q_ _? 5,42022 _? _*_/?F O_ 5.52_72 Ol 5,35502 _0

5 1._543F C4 1.6_66_ _ 1.7_0_ n5 3.152_E n3 3.20102 03 3*13052 O_

.......................................................................

]

]

]

]

]

]
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Appendix 3
ComputerProgram (F823)

TABLEAP 3-1 (Sheet 5 of 12)
COMPUTERPROGRAMF823 (IST BURN)

• 8 C Time "O S0.0000 f F

1 Z.2gSSF OS 4.296qE ,2 S.3422£ O2 4.5305£ 0Z 0. Itb�_ 0L S,S_lSE 00

Z T.07_2£ PI 4,35_4E 00 T.04_�E 00 3,_312£ 00 3._122_ 00 L.00_E 00

3 Z.2qSSE 0s 4.2410E 02 _.AIZ4E 0_ 4.56_q_ O2 0._6_ZF 01 5.3_LTE 0_

Z.25T�E O5 4.240TF 0_ 5,_244_ 0Z 4._/T0_ 0Z A.4/3_F 01 5,2536E CO

$ Z. ILL�E 0_ Z.LI*TE O4 t. TL�?£ O5 _.0_SE _3 _.O_62E O3 3.6642E 0_

TOTAL I_PULSE • 1.06eq_ 0T

TINE _ 60o0000• I ¢ _ F

| 2o31_qSE _ 4,o_ n_ _o_8_ _ _o_II_ _ _oI9_ _! _o_ O_

_ 1_o0_ _I _o_?_ _'_ To_O_ O_ _o_+_ O0 _o_ O_ Io_ _

_ _o3_ ¢1_ _o_ _ _o452T_ O2 _o_T_ _ 0o_ 0I _._i',_ O_
_o_ _ _o24_ _ 5o_?_ ¢_ _o_9_9_ _ _o_?T_ _| $o_0_ _

TOTAL I_UL_• • _o_'_ _?

T_ _0 "f0o0_0_8 ¢

| _o)0_6_ _ 4o_*_ _ _o _T_6_ ¢_ _o_,_ _ _oI_q_ _! _o_?_I_ O_

_ T._ _! _o_ O0 _oI_ _ _o_41_ O0 _o_5_ _ _o_'_ _

_o¢_4,_ ¢14, _._._ 04 _o_74_ _ _o?_ _ _oT_6_ _:_ _o_,t_q_ _4

TOTAL I_PUL_ • Io_ OT
................................................ L .....................

• 6 C TI_I_ "D e_.ooo0 I_ F

| Z.31_TE C5 4.29q2F 1_2 _.3_64_ OZ 4._eol_ o? e.o62qE _L 5.6nOSE O0

$ Z. 3|SYE ('5 4.2439E O_ 5.4_65E O_ 4.61_3F _ e.4119E nL 5._e6TE O0

• 2.2T66_ O5 4.23q_F _2 _.36'_E O2 *.SZLIE 02 8._,027_ C_ _,.32_8E C_

$ 3.4e87£ 0 I, 3.4_3ZE O_ I.seI_E 0'_ 6.Se26F O3 6.6_10_ O3 3._OeSE ¢4

TnTAL IN_LS_ - t*T60_£ O7

_ _o_I_ _ _o2_4_ O_ '_o_0_ _ 4_4_ 02 _._ 0I $._4,I_ 0O

_ ToGT_ ¢I _o_9_ _0 To_O_O_ _ _'_ _ _o_F _ _0_ ©_

_ _o_T_ _ _o_ _ _._T_I_ _ '_o_I_ _ _o_0_ OI $o_?_ O_

4 _o_4_ _ 4o_6_ _ _o_T_ _ 4o53_£ 0_ _ OI _o_2_ _

TOTAL _UL_ • I.q_ _

3 To@2_ _I 4,o_5._I_ _0 To_¢_ _ _6_ _ _.6|_'_ _ IoO0_ O_

_ _o_l_n_ _ 4._ _ _ O_ 4._?_ O_ eo4_ _ _o_ _

_ _o_T_ _ _o41_ O_ Io_,_ O_ _o_4_ _ _o_ _ _o_ O_

TOTAL I_PUL_ • _o_I_ _

_ _ ¢ TI_ _0 II_._O
_ _o)I T_ _ _o_q_ _ _._F _ _,o_T_ O_ _57_£ _I $o_q_ O_

_ oO_T_ _I _o_5_¢f _ 7. I0_ O_ ._o_ _ _o_,_ _ _o_ O_

TI_TAL I_L$_ • _o_ _T

TI_

_ _ C _0 _ _

2 7.0 .... C ..... ? ........... 0 .............. )3f 00 1.0056£ O_
l 2.2q_0F 0S 4.23PSE 0Z 5._1_2F 02 4,5633F 02 8,_08PE 0| 5.3631E 0P

•* 2.2569E CS 4.239|E 02 _.3qA_E @2 4°$451F 02 11.4956E 0_. S.3$0IE 0_

S S.3252E (% 5.3_20E 04 1.3q74,_ O'; 9.�qe_TE 011 I.O(14qE 04 3.065TE 04

TOTAL |NPULSF . Z.6532F OT

• TIIIE • l ]C.0000
• _ C O S F

I Z.2_eaF 1_5 +.ZQ54E o? 5.3_o_ o_ _.s_5_e o? a.t+7?E Ol _.5673E 00

2 F.O735E C3 4,.3521E 0_1 ?°12_3f O0 3.5745E e)O 3.5535F O0 1.0360E O0

$ 2.2982E CS 6.23_9£ 02 5.4_18E 02 _°5715F 02 8.$025F Ol 5.3762E O_
4 2.28525 ¢5 4,.23qOE _7 5.3980E 02 _.5_B_E 02 0.AqT_E r)l 5.3525E O_)

_. 5°783bE C4 5.79C_ 114 1.3515E 05 1.0543E 04 1°_06E 0_* 2°qBOOE 0_

TOTAL (;+PULSE • 2.q155F 07
....................................................................

i 8 C TIMF "0 |4,0.00_0 E F

| 2.3072_ 05 4.2_3b_ _ 5.3_3_F 02 4.55_6F 02 5.|7_5_ 0I 5.5693E 0_

2 T.O733E C1 4.3530E 00 7°0674,E O0 3.5474_ O_ 3.'_200_ O0 1°0078E 00

3 2,3_72_ OS 4,.2378£ O2 5.4,._42_ 02 4,.5otOE 07 5.5515_ Ol 5.381l£ 00
_.2897_ 05 4.._389E O_ 5.40|T_ OZ _..5519£ O_ 5._qT&_ O_ 5.3567_ O_

5 b. Z434,E ('4 6.25]2E 04 1.3055_ C'$ I.|_93f 04 |.17_|_ 04 2.8_45E 0_

TOTAL IN_ULSE - _.t44,4E 07
......................................................................

• B C 0 _ F

3 _.3|56E 05 4.2qO?E 02 _.3968E _ 4°523;_F 02 _.2357E 01 _.5529E O_

2 T.0TZ7_ t_I 4.35|4,E 00 6. q662_ 00 3._849F 00 3.4,013_ O0 1.0310_ 09

3 2.31561:05 4.236C_ 02 5.4,_5E 02 4.60BIF C_2 8,5535E o1. _.36_3E 00
4, 2°2907_ 05 4.2359E 02 _.404nE C2 4.5541F 02 _.4987F Ol 5°5586E 0")

$ _..T015£ o4 6.Tt¢?£ 0, L.25_bE 05 1o2544£ 04 I._410E 04 2.50_eE 0 _,

TOIAL I_PULSE - 3.3TA,_IF 07
......................................................................

TINE • 151.C0_n

| Z°3_82_ 05 4,.2q35E 02 5°3760£ 02 4.5580F (_Z 5°'1803_ 01 5.STIQE O0

2 _.0727_ O_ 4.3_5_ O_ 7°2466_ O_ 3.6_75E O0 3o6190E O0 |.0_24E O0

3 2o3082E 05 4.236_(" 02 5.4485E 02 4.5_.2F 02 dB.5422(: OI 5.3783E CO

• 2°2908£ (_5 4,.2359E f'_ 5.4t)_ 02 4._543E 02 5.*.95q_ O[ _*3588E O0

S 6°7672E 04 6°1561_ 04 1.2_50£ 55 |.Tb_q£ 04 |.2704E 04 2.80Q2_ 04

. TOrlL IP_PULSE - 3.3gT_E O?
.........................................................................

TIXE - 152.0000

• B C 0 E •

1 2.3023£ C5 4,.2937£ 02 S.5621_ 02 _.5,43E 02 0.1BO0S 01 5.5551£ 00

T.O_2_E Ol 4.3_11E O0 T.26TT_ 00 3.6411F 00 !.6265_ 00 1.004L_ 002.3C23£ O5 5.25_2_ O_ 5.4,_47£ 02 4.5505F O2 e._42TE 0L 5.361_E O0

4, 2.2_C5£ _5 _.2355_ 02 5.404,4,F 0_ 4._$4,5_ O2 e.4,991_ 01 5.3555E 00

• .T_34E O4 6.eCIqE O4, 3.25_4; 05 1.2Y15£ O4 1.2T59_ o4, 2.7_17E

TOTAL IM_JLS_ • 3.4,200E 0T

A _ C TI_ _ I5_o_ _

_o_3_ _5 _o2_ _2 _o_555_ 02 4,o5•_5_ _2 _o_ _| 5o•_2_ _

2o_2_£ _ 4,_515£ _ ?oI_I5_ _ _o_2_ _ 5o5_ _ _o0_ _

2o30_5_ _5 4,.2_ _ 5o_2_ _ 4o_I_ _ _o4_ 0! _o4_00
2o2_ _ •o2_ _ 5o4_45_ _2 4,o_$4_ _2 _o4,_ _ _o3_ _0

5 6.O392£ 0_ 6.e_78E O4, t.24,_9£ 05 1.2Tq�E O4 L. 25T$£ O4, 2. T531| O_

TOTAL IN_JLS£ - 5.4435£ 0T

+

T.G/2LE CL 4,.3510_ 00 /.3511£ 00 3.6535£ 00 3.6675E 00 1.0044£ O0

3 2.3015E O5 4.2392E 0Z 5._?qT£ O2 4,.5026E 02 8.AT09E OL 5.40qeE 00

4 2.2909E 0_ 4.Z3eeE 02 5.404,5E 02 _.554YE O2 e.4959E 0| _.3591E O0
$ 6.1_35E 04 6.8523[ 04 |.2454f O5 L.2805£ 04 L.2ne3£ O4 2./523E O4

TOlaL IX_ULS£ • 3.4461F 0T

_ _ _I_ _ |_o_00_ _

2o2_25_ _ 4,o2_5_ _ 5o_4,I_ _2 4o525_ _2 _o0_ _ 5o_£ 0_

_oZ_2•_ _5 4,o2_£ _ 5o4,_5_ 02 4o5_22_ _2 _o4_I_0_ 5o3_ _

2o2_0_ _ _o25_ _2 5.4,_5_ _ 4o554_ _2 _o_ _ 5o_ _

• o_4_5_ _4, _o_5_ _4, _o244_ _ Io2_ _4, _o2_2£ _4 2o_I4_ _4

TI_ • _5_o_0_

• _ ¢ O £

J 2.2_52e e5 4,._lOe 02 5.5_3e 02 +.5329e 02 1.0)44,e o_ 5.b•zse ooT.C/21[ C1 _.1512[ O0 ?.?lib/ 00 3.1951[ 00 3.5715E 00 |.00,5£ O0

2.2q52E 05 4,.23_3E 02 5°_|40E 02 4°$738[ 02 5,4,22L_ 01 5..2_3_ O0
2.2909_ 05 *.2305[ 02 9.4,046£ 02 4.$54T_ 02 n._qSSE 01 5.35_1E

5 •.8529E 0_ 6.J615E 04 3*24,_5E 05 |.2825F 04 |.2900E 0_ 2.7506E

TOIAL I_eULS£ - 3,4507E Ol
.................................................................

TImE _O |$3.3220

J 2.3|01_ 05 4.2q68_ O_ S.5765_ 02 4o5651_ 02 8.113_£ O| 5.6263E 00
2°0721_ C| 4.)523E 0_ T.3158E 00 3.5636E 00 3oSSZZE 00 L.0032£ 00

3 2°3ICIE C5 4.24C6E 0_ 5.4476E 02 4.6007F 02 8.46q3_ 03 5°4,324,E 00

4, 2.2909f 05 4._358E O? 5.4046F 02 6.55_7_ 02 8,4959f O| 5,3592_ O_

5 •.853qE C4 6._625_ O4, 3.244,4F 05 1.2226£ O_ 3.2902E 04 2.TSOAE 04

TOTAL I_P_JLSF • 3.4,512f 07

TI_E • 155°4000

_ e C 0 E •
1 2.36 Z£ O5 4,*2019E 02 5.518qE 02 4.67qlf 02 5*3q86E OL 5.5713E O0

2 T.O71qE Cl 4.356GE 00 _.Te73ff O0 2.3_|_F O0 2. Sq55E O0 9.95_5£-01

3 2.3632E 05 4.2451E 02 5*5668E 02 4,.T030E 02 8.6351F 0I 5.444_E 00
4 2.ZqO�F C5 4,.23_S_ 02 _.4,046F 02 _.55+0E 02 e.Aq_ Ol $.3_zE O0

S 6.85_6_ 04, 6°5_62E 04 I.24,60E 05 |.2553E _4 1.2209E 0_ 2._?27£ 04

TOTAL IMPULSE - 3.4,530£ OT

tl_£ - 153._000

3.48co£ O5 4.5605F 02 3.2_?E 02 2._201£ 02 5,251_ Ol 5.379eE O0T.0TlqE C1 4.3472E 00 Z.382_F O0 I._8IIE 00 3. I031_ 00 9.sLq3E-01

$ 3.4,BCOF 05 4,.53C1£ 02 3.2_TIE 02 2.T30q_ 02 _._635E O| 5.0936_ 00

2.29C4,£ _5 4.23qCE 02 54,_32f 02 _.5535E 02 8,+96n£ 01 5.3SOLE 00

6.8603_ 04 6*8659E 04, 3.243TE 05 I.2839E 04, 3.2qIA,E 04, 2.2792E 04

TnVlL |_P-_LS_ • 3.4_4,55 o_

• " - :. Tl_ • 1_.6o0o. " '.

8 C . O F "_
l _*26 ?F r_ 8*_q6?E OZ $*OISTF'OI 4.0669E Ol q*_BBAE O0 4.2862E OO

2 T.OT44,E OR 4.3112£ OP 3.5623E O0 T.6TOAE-OI T.9_43F-01 g.6653E-0|

3 4.2bITE r4 5.2400£ n2 5.322OE 01 _.143TE OI 1.028]£ O| 4,.029TE 00

2.2892_ 05 _.23q?E 02 5.4,O_OF O2 _.550_F 02 8.491_ OL 5.35_0_ O0

$ 6o0607_ 06 6.8693E 0_ 1°2437F 05 1.2540_ 04 1.2q|5_ 06 2*TPQIE O_

TOTAL I_PULS_ • 3.4550_ 07

..................................................................

• 8 C TI_E "0 353.7000 E £

I 1.555|f C4 2.t3TCE f13 7.2T_E 0o 5.6239F O0 l._O_bE O0 3.5382f O0

7.0732E O] 4.2TC_E O0 1°_006_ 0_ 6o_786F-0I ?.127]_-01 9.bSIOE-O_
1.555_E 06 I.?q2|F _ _.6729E O_ 6.36|6F 00 2.3|63E O0 2.7465E O0

2.28TTE 05 4,.Z]q_ 02 _.3_64F 02 4.5478E n2 8.486¢F O[ 5.3589E O0
$ 6.5bOSF n4 6.86_4E O_ L°2437F 05 I.2A_OE 04 _.2ql6f O_ 2.7790E O_

TOTAL I_P'JLSE " _.4551_ O?
.....................................................................

I B ¢ lINE •O 353,nc, oo E •

| 1.6303_ _4 2.|351F 03 7.6560F O0 5.9_6E O0 L.6953E O0 3.5041E O0

7.0696_ _| 4.217qE O0 1.tS51E O0 6.6711_-01 6.8796E-01 9.6970E-0!1.6503£ _ I.OI33E O} 8.9910F O0 6.60_ O0 2.3833£ O0 2.TTZSE'O0

4, 2.2e_3E C5 4,.23qSE o? 5. Aq2qF O_ +.544_£ 02 e.4eo_E OL 5.3_5_E O0
$ 6.ObO_F P4 6.8_q_ 04 1.2_3_£ 05 1.7840E 0_ I.2ql4E 0._ 2.1790E 04,

TnTAL I_¢'ULSF • 3,4,555£ O?
...................... _ ...........................................

l _ C TIN_ "0 35_,9000 E •

| 3o3831_ 06 Z.I720F nl _.367qE 00 5.1562E O0 |.2112F flu 4.2_75E 00

7.0644E C| 4,*|qT_F O_ 1.344_F _0 6.6200F-0| 6*5_89_-0L Q.bQALE-OI|*3831E 06 L*7_33F O_ T°?I2_F 00 _._IB?F O0 I.A94|F O0 3*0120E 00

4, 2.2849E _5 _.25q_F 02 _._B_F 02 4,*54|8F 02 0.475_ 01 5.3589E O0

T_T&L INF'ULSE - 3.4554F O?

....................................................................
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Appendix 3
ComputerProgram (F823)

TABLEAP 3-1 (Sheet 6 of 12)

COMPUTER PROGRAM F823 (IST BURN)

i

Vine - 15.._000

• 8 C 0 ! F
T.Z30_E O0

:c o o _ ....1°0508f _| 3.8555_ O_ 1.5_5e_ 6.6_16_-0t 6._•65£-_1 _.5611_-0!

6.8611f _ 6.8658_ O_ I.?_37F Q5 1.78_1_ O_ 1.291_£ O_ Z.II59E

TOll! Im_JLSE " _,_55_ OT

_ • !_°T_O_

_° _° _° _° _o _o_5_ C__o05_ _! _o_5_ OC i°_ _ _o 5T_!£_! _'_1 _°5_-_

_ !o_$_ _0 _o5_-_! _o_'_! _o5_

T_IL I_PULS_ • 5.4558E O_

¢ 0 _

0_ _o _° _° _° To_ _ _
T_©_ _1 _o_T5_ 0_ _o_ Q_ _o_©_!_! _°_5_©1 _o_!

©o !°5T_ _oT_°_ _©_5_| _o5_-_!

Z, ZYlS_ _5 _.Z399_ ©Z q.35T_ OZ _.51_ O_ 8._Z5_ O! 5.3586£

6o8611£ ©_ 6.865_E _ 1,_)7£ OS !°ZS_!E O_ h 2518£ 0_ Z.TISeE

tO11! IM_JLS£ • 3._55_£ OT

VI_£ • !5_,9000

8

_°O_8qE nl 3.87_5_ O0 !°3T_ZF CO 6,T011£-_1 T. 0)_9£-0! 9°530e_-Ot

$ O, O° |._3_E QO 6.YOIIE-O! 7.03r9_-_1 _°530a_-0!

_°2T¢CE 05 4.2355E 02 5o1535E 02 _.5119E _2 m.4I_gE ©L 503586E C_• .86LIE Q4 6.8698E _ 1.2_)1E 05 I,2O_IF 0_ i.?q|nE 0_ Z.TTOOE O4

TOTAL |_PULSE • 5.4558F OT

YINE - | 55°0000

• 0 C 0 t P

O° 0. Co _° O° Y._930E O0T°e_STE ¢1 3°eT_3_ O0 I._q_sF OP 6°5q_+E-Ol 6._333_-01 q.Sll!E-Ol

_°1685E 05 6.Z3_,e_ OZ 5, 3sO_ oZ •°5085E 02 8._1_ O! 5.3556_

TOIl! I_PqJLS_ • 3._5_E 01

28 September 1966
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CO_fl_UTER PROGRAM F823 (2ND BURN)

Appendix 3

ComPuter Program (F823)

+

t+

r
J
r

+

"i •

rlN£

• + + + + ,I tIC THRUST llC S+ tic u D t T tIC . 0 t 0 TIC m DOT + TIC _¢

Z mmO LJX RIC LmZ GIG m cot r C/c , _! U Gl+ + CO+ F GIG mR
S4-ZTHmUSI J-+ISP J-+*+TtJ-2+OOTOJ-2WOOTF J-ZmR

+ &VG. JZ F AV+. J2 1++ AVG. J20mT _v+. J+ 0.0 IVC. J+ DWF AVG. J? mm

+ LOI CONS. LOX O/+ LUm IN TK LH2 CQNS. Lm2 31B LH2 IN r_

TOTAL lm+ULSE

Tim+, • 1.0000
A S C D _ _:

O. t_. O° O. O. 6._03TF _0I.C62_E O! '..2S_08 O0 4.168_'E Oo 9.0a_'F-ot 3.2_07E O0 Z.?_67_-_1

$ O. O° _.I_,SPE O0 '_.O_SOE-Ot _.Zb_ZE O0 2.78_TE+01

4 O° O° O. O° 0o O.

S 4.9123E-01 5._63E-Ot 1.2_*T6E OS 1.61',',£ O0 1.6319_ O_ 2.+71aF O4

IOTAL I_PULS£ - 6o_T',6E 01

_rl_E • i olO00

A 8 C D E F
1 Ioe_O'_ O2 _o_ O_ ',._0_! _o',_0_ So_,,_Z_-_ _o_S_ _

'_ O° _° O. _. Oo O°

'_ O° ¢. C° 0. O. O°

Oo Co _o O° Oo O°

'_ O° ¢° O° Oo O. Oo

'_ 0° _o Oo _ O. O°

O° O° _. O° _. O.

0 _ F

| _o_0_ 0', _°_",_ O_ _o0_ _'! _o_0'_ O_ _._S_ ¢0 _o_'_ _

'_ O° O. O° O_ Oo 0°
_0';_ O0 _o_7_ _0 _o2,._ C _, _.S_._ _0 '_.S?_ O0 _°,,7_ _,.

• • C 0 _ F

_° _. _. _° Oo

'_ _° _o _'° _o _° Oo

TImE • 2.Lt_00 E• B C -. O F

L 11._1701E 0+ S.P3ZSE 02 1.12ROE CZ B.6663F 0L Z.6199F CI 3.1079F "_

$ 1.Ct+TI.E O! ,+.35_,5_ OO ].6t, t_ OO I.OOLSE O_ 2._cl_E C0 _.Te,'+IE-3!
• 6.',_01_ 0+* '_.5S26_ O2 l.l_Z_ C2 8.76++_ O1 2.S+J_SF 0[ _._S?_ 0( _

0o C. O. 0. ('. 0.

S Z.'e372E 0t 2o_57_E 01 1.2+*_3_ 0S 1.+,<:81E 0L I.<,PtgE Cl Z.._70.m_ +++.

IOtAL IMPULSE • _.017_£ 0 <.

TI_ • 2 °_C'0C
I_ C O I=

/+ 0° Oo 0o ts° 0o 0o

_OT•L I'4PdLSF • _.7_,.+_ 0_.

r!l+_ • 2o _ot)o

• _ ¢ 0 F Ic

0o _o Oo Oo t_o _o

_Or•L _'_PULS£ • ++ot++"_+.E 'J+*

rl_l_ • _ o_,000

0o ¢o 0o Oo Oo 0o

_r I _IE • 2 o$_O0

'_ 0o 0° Co t_o 0o 0o

rlN_ • 2o_000

• I+ C i) _ F

l+ 0o Oo Oo Oo ¢o Oo

• _ C 1"1+IE •D Z._OOfl F

_ Oo 0 • O. 0° O. O.

• _ C _ _

• Oo _o _o _. _o _o

• Oo C_ Oo _. _. _o
_ _e_'_ 0_ _ !_'_ 0_ _o2_ _ _o_,_ _! _o_!_ _| _o_?_ '_

_O_•L _P_LS_ • !._R_ 0_

• 0o C. _o _o Oo _o

_O_•L !_P_LS_ _ 1o_-_,_!_ _'_

• O. • _ I'o _o _o P.

_, _. _ _'o _o Oo _o
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Appendix 3
ComputerProgram (F823)

TABLEAP 3-1 (Sheet 8 of 12)
COMPUTERPROGRAMF823 (2NDBURN)

fiNE - _._O00
• t C 0 E F

3 L.9•I•E 05 _.ZtJS_ a? _._S_E OZ ].15_6E O? ?.qg?tf _l _.?OI_F O_

1.383_ O? ;,ld_lE O? t.2_OSE e5 t.t_16E O? l. TSt_ O2 2._5_5E O_

tOtaL ]_PULSE • •.O_IE 05

rI_E • _.5000
• S ¢ 0 E F

1 I.e•[_E O5 _°JI_SE O? _°4T6_E O_ 3.?150E O_ ?.61_?E Ol _°SI_ZE q_

?.0803E O| _._653E O0 6._r17_ O0 2.9090E O0 _._68_E O3 8._862E-_1

1.lse_E O2 ?._6?_E O? 1.21_0E 01 l._StZ_ O2 1.8)taE O? Z._t32_ O_

tor•L IqPULSE • •°28Z5E 05

! 1o_?_ _5 _o1_ _ _o_5_ _2 5o?_2_ _ _o_!_5_ _ _o_2_ _

_o_?_ _5 _o?_15_ _ _o_ _2 _o_5_ _? _o_ ¢1 _o_ _

• _o_!_1_ _5 _o2_!_ _2 _o_25_ _2 _o_5_ _ _o_?_ _1 _o_ _

/.CO05E O! _.]o5_{ O0 6._0_3E O0 2,_I25E O0 ].525_E O0 8._!F-nt
3 1.9_8E 01 •°2r35E O? _.S_2_E CZ ).T6_SE O? T,98Z_E O! _,V!5_F _0

toter IXPULSE • _.62tSE O5

_o_5 _ _5 _o_5!_ _ _o1_ _? _o_•1_ _ _o_ _1 _o_?_ _

1•_5_ _5 •o?_|_ _ _o5_ _2 _°_?_ _? _o_5_ _! _o_ _

|._5_ _ _o_1_ _ 1o_ _1 2o_5_ _ _o_21_ _ _o•115_ _

_ ¢ _ •_ _o_¢
| _o_ 5_ _5 _o5151_ _ _o_1_ _ _o_|_ _ _o_ _1 _o_ _

_o¢_5_ _! _o1_ _ _o2_1_ _ 2o_$1_ _ _o_ _ _o1|_°_1
_o_5_$_ _1 _o_ _? _o_ _2 _o_5_ ¢? _o_ ¢1 _o_ _

• _o_ _ _o?_ _? _o_?_ _? _o_12_ _ _o_OS_ _1 _o_ _

1 _o_1_ _2 _o2_ _ !•2_ _1 _°!_ _? _o_5_1_ _? 2o•5_1_ _

_ ¢ _ °_ 1o_

_o_ _! _o_ _ _o_5_ _¢ ?o_ ¢_ _o_?!_ _ _o15_-_!
1o_1_!_ _5 _o_12_ _? _o_5_ _2 _o_ _ _o_ _! _o_ _

!o_1_ _5 _o?_1_ _2 _o_5_ _? 1o_ _? _o_ _1 _o_ _
$ _o_|_ _ _o_!_ _2 |o_ ¢_ _o2_ _2 _o_ _? _o_?_ _

_o_5_5_ _ _o_ _ _o5!_2_ _? _o_?_ _ _o_ _! •o_1?_ _

_•_5_5_ _5 _o2_2!_ _2 _2_ ¢? _o_22_ _ _o_ _ _o_ _

1 1•¢_2_ _ _o_?_ _ _o?_ _5 _o_ _2 _o_1?_ _2 _o_•_ _

_°©_ _ _o_ _1 !o?1_ _5 _o_1_ _ ?o_ ¢_ ?o_1_ _

1,¢81l_ O[ _.3_?E _ b.J?ORE O0 Z._271E O0 _o}9]?F Oo 8._2_9E-0!
} |._5_2E 05 _,2_50E ,)Z *°SbqqE 02 ].?_!6E o? 7,q?zbE O! *°_O?F On

S l.OtlSE O} 1.07_OE ,1t 1.2l_r 05 2..656E O? 2._ttoE 02 2._F q*

rot&t I_PUESE • 5._*E o5
..........................................................................

rl_E • t._000

• 8 C 0 E F

1 1.95_?E 05 _,_)tqE I)? _*5125F o? 3. T_)_E C? 7.68_?E _I _._?0tE 30

z 7.081_E 01 _,_2_ oo _.]O,._E 30 ?.eS_E O0 _.3_2JE _c 8°b_$TF-q!

1 1.1152E 03 l.tlS?E i)_ L._65F C1 2.f_58E 02 2.55_6F O? 2._&SF O_

tor=L IqPUL_E - 6.01_qF _

...........................................................................

• O C rl_E "o 5.f0o0 £ f

1 1•9595E 05 _._2T?E O? 4.527qF O? 3._523E OZ T. IS5_F OI _._3_3E _

Z _.ORtZE Ot _,t_52E (10 _o34[_F CO ?.9_9E O0 t.1967_ O0 8.670CE-.)t

) 1._595E 05 _.2_?_F (1_ ...5_12E ¢2 3._817E 02 8.095[E o1 6._216F 30

1.927d_ 05 _.2_5_ o2 ,,.5352E C? ).713_6 O? ?ogZL_E Cl •.6_t_ 3_
S I.LSJOF Or I.IS)_E o) _.?}_E C5 2,62_8F 02 ?,6}_9E o2 2,_STE O_

I_)TCL !_P3LSE - _°?158E 05

.........................................................................
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Appendix 3
ComputerProgram (F823)

i'

TIME m 6.40n0

8 C 0 E

|._

r_ • r._

• o ¢ fINE "0 r._ooo E

4 |._SZ;E O5 _*Z_E OZ 4._7_E O2 _.7_0_ OZ _._90tE 01 4.r166F On

5 t.SSZOE O] _o_ZTE O_ I.ZZ_SF CS _.16t_ O_ 4.1rro_ OZ Z.4_OZF O_

[OTA_ tMPUL$_ • Z.OOOZF O_

r_ r°_
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TABLEAP 3-1 (Sheet I0 of 12)
COMPUTERPROGRAMF823 (2NDBURN)

• • ¢ VlxE "O 8.0000 [ [

! Z.06•4E O5 *,3|48E OZ 4.fe43E O[ ).qq3qE 02 ?.q043E 01 5.05ZAE 00

/,0813[ 0! 4.3657E O0 6.8544[ 00 3,Z?LZE O0 3.55_2F 00 q.0755F-012.0644E O5 4.2535E OZ *.e52qE 02 4.0265E 0Z 5.5b)bE Ol 4.e?Z?F O0

4 1.9639E OS 4.2710E 02 4.5_e3E 02 3.?559E O? 8.0244E nl 4.Y304E O0

S Z. IZlZE O) Z.12ZOE O3 I.ZZ64E ¢5 4.6565E 02 4.6751E O2 Z._ZS_E 04

• IOTAL IMPULSE • I.I_30E O6

[lm[ 1° [.1000| C f F

| Z.O[O4[ 05 4.3134E 0Z 4.a00OE OZ 4.0073E O? 7.9266F O! $o0555E O0

Z foO•lSE O! 4.3654E 00 6.81ZZE 00 3.2450E O0 3.5673E O• q.0965E-01

3 Z.0Y04[ 05 4.253OE O_ 4.86el[ 02 4.03qTE OZ 3. Ze34E 01 4.e76vE _0

|._61[ 05 4.2706E OZ 5.603eE OZ 3.eOOSE O2 e.02q/E O! 4.7335F _0

$ Z*I•L_E O3 ZoL624E O3 1.2260E O5 4,7350E 02 4.7506E 0Z 2.4244E O4

TOEAL IN_/L$[ - 1,1437E O6

[lm[ • 8o3000

• • ¢ O [ F
| Z.0i3|[ 05 4o3iL_E O_ 4oa3Z2E 02 4.0366[ O_ ?o_462E O1 5._7g_E _

_,_4[ _! 4o3_5_E _ •o?_2_E _ _o_?5E O0 _o5_5_E _ _o!2!_E-_!

_o_![ _5 _o_5_E _2 4o_E _ 4o_5_ _2 _o_[ _! 4o_3_E _

|o_4_ _5 4o_E _ A_ _2 _o_E _ _o_5_E _! 4o?3_ _

$ _o20_3E _3 _o_!_ _3 _o_E _5 4o_2_2E _ 4o_4_E _ _o_3_E _4

[O?•_ _O_$[ • !o_45E _

[!_E _ _o3_0_

_o_E 0_ 4o_!_4E _2 4o_!_E _2 4o_5_?E _ _o_4E _! 5o!!_5E _

_o_•!•E _ _o_E _ _o_!_E _ _o!_4_E 0_ _o454_E 00 _o!_A_o_!

_o_2_ _5 4o_544E _2 4o_!_E _2 4o_ _2 _o_?4_E _! 4o_43!_ __o_?_E _5 _o2_ _ Ao_!5_E _2 _o_?E _2 _3_?E _! •o_4!!_ _

_o_4_E _ _o2_4_ _ !o_52_ _5 _o_055E _ Ao_5_E _2 _o4_?_ _4

?_ !_E • _o_53_ _

E!_[ • •o5_

: : c o [ ,
| Z,|O 9[ O5 4.313 E OZ A.8754F 02 4.0046E 0Z 7.q083E C! 5.1649E 00

2 7.05L_ O! 4.3662E 00 •.675/E O0 3.!557E 00 3._OCE CC q.L_51E*_I

_.LOZqE O5 4.2549E 0Z A.9_Z5E OZ 4,116_[ 02 8.2563E 0L 4.986OE On1.5734E O5 _.2696E O2 4,62!9E OZ 5.8175E O2 e.0438E ol 4.7455_ o_

$ Z.Z•43E O3 Z.Z05!E O3 1.22_eE e5 4.geSOE 02 5.0082E O2 2.4_19F 0_

?ORAL I_PULSE • 1.2065E O6

[_E • _o$_

$ I*|1 IE O5 4.3t2 E OZ A.9043E OZ 4,113_E OZ 7.9oe_E O! 5.200_E O0
Z _.oe!4E O! 4.3660E O0 6*q233E GO 3.32OOE O0 3.6034E C0 _*ZI35E-0!

$ Z,ILSL[ O5 4,252/E 02 4.573_E 02 4.1466E 0Z 0.7_93E OI 5.0L4_E CO

1o9260[ O5 4.2693E OZ 4.62_5E O2 3.e257E OZ 0.m_ROF OI 4. TS!IE _0
Z.3258E O3 ?,32_6E O3 1,2243E O5 5.0703E 02 5.0913E O2 Z.4Z!IE _4

IOr•L I_PULSE - 1.2276F O6

tlXE • _._¢00

• 0 ¢ D [ F

I Z.125ZE O5 4,1tLgE 0Z 4._28_E C_ 4.!]6_E O2 7,91_E ¢1 5.224_E O0
2 7.0014E Ol 4.3659E 00 7.18_/_ 00 3.4_!E O0 ).7_55_ O0 9.2332Eo01

3 Z. IZ52E O5 4,249_E 0Z 5.0005E _Z 4.tTl_E O2 e.2_l_ 0! 5,O31O2 00

|.$TeSE O5 4.26_9E 02 4.635_E O2 3.el01[ "_? e.052_E CI 4.3564E 0_

$ 2.3•75E O3 Z,_683E O3 1,2239E O5 $.tS_?E 0Z 5.!_E OZ Z.AZ_]F _

TOI•L I_PULSE • !.2_9E O6

: : c o E ,1 1.13 2E O5 4.3!! E 02 4.5430F C_ 4.!5|0E O2 ?.9200E el 5.Z_IZE 00

2 [.O014E O! 4,3_60E O0 6.e_45E 00 3.100_E O• 3.5639E O0 q.26tOF-O!

• Z.|312[ O5 4.2525E O2 5.0t!?E CZ 4.1e40E O2 e,Z_4F 0! 5.O554F O•
• l,e$1_E O5 4.2686E OZ 4.642|E 02 3.836_E 02 e.0566E 0! 4.7_t_E 00

5 Z.4094E O3 Z.4!02E O3 !.2235E C_ 5oZ]64E 02 _.257_E 0Z 2.5154F n4

TurA_ IMPULSE - 1.5Y0Z_ O6

• • ¢ O [

_•E _ 4o3!_E _ 4o_?_E _ 4o_?4_ _2 ?o_25_ _! 5o_?_E _

_o_!4E _! _o_E _ _o5_4_E _ 3o!_!2_ _ _o3_E _ _2_!_!
_o_4!4E _5 4_552_ _2 _o_ _2 4o2_E _2 _o_2_ _! 5o_ _

4 |o_44E 0_ _o2_ O2 _o_4_!E _2 3o_E _2 _o_ _ 4o?_?_E _
_o45|4E _ _o_52_E _ _o22_|E _ 5o_E _2 _o_ _2 2o4!_E _4

• • ¢ _ [

_o!53_E _5 _o_E _ 4_5_ ¢2 4o2_5E _2 ?o_5_ _! 5o_ _

?o_E _! _o_ _ _o_ _ 3o2!_E _ 3o_5_ _ _o_o_!
_o!53_ _5 4_5_!E _2 5o_!_ _2 _o2_5_ _2 _o2_4_ ¢! 5o!!2_ _

4 |o_$?3E _5 4o2_ _2 _o_ _ _o_ _ _o_5_E _! Ao?_!_ _

5 _o4_3_E _3 _o_E _3 !.222_ _ 5o4_!_ _ 5o_24_ _2 2o4!_ _

• _ ¢ _!_E •_ _°_ E

! _o_54_ _5 4._5E _ 5o_!E _2 4o22_ _2 _o_5_ _! 5o3_2_ _

2 ,.=,,,_! ..366oeoo ?.!_,6Eoo _.45_5E_ 3.7o2,Eoo9.3._E-_!
3 l.lbS_E 05 4.Z470E 02 5.0987_ 02 4.2_41F O2 8,1460E OI 5.IO_IF dO

$ Z.53•4_ 03 2.537_E 03 I.2ZZZE 05 5.4e53E 02 5.snszE PZ 2.4l_q@ 04

_OIAL I_PULSf • l,334_E 06
.........................................................................

• • ¢ TIME "D _*lOOO E

S 2.5/93E 03 2.5602E O_ 1.22l_E C5 5.5_92E 02 5.5_25E "07 2*41blF 04

_OTIL I_@_LS_ • 1.356_F O_
.........................................................................

liNE - q.2000

1 Z.l• 2E O5 4.502 E O_ S.OR?_E _Z 4.2826E 02 e.O523[ OI 5.5le [ O0

?.0813E OI 4,3658E O0 6,69_eE O0 3.14T5E O0 5.4506E _0 9.4107E-01

Z*1192[ 05 4.2410E OZ 5*154@E 02 4*3151[ O[ 8*3974E OK 5°1386E O0&._N_aE 05 4.26_8E 02 4.eTqTE 02 3.•TIeE OZ 1.07q?E Ol _.?qZOE

S 2°_ZSE O3 2,6233E 03 I.221l[ OS 5*b532E O2 5._T?0E 02 2.4152[ 04

TOT&L IMPULSE t l.$785E 06
...................................................................

TIME • q°!000

• I ¢ D E F

I _*1985E 05 4.3032F D[ 5*!08_E 02 4.3•AGE 0Z |.O_¢0E Ol 5.3543[ 00

[.0813[ Ol 4.3650E O0 6*3_2bE O0 5,2140E O0 3.q683E O• _.43_3E-0l

3 Z*Iq05_ O5 _.2_22E 02 5°1263E 02 4.3326E 02 8.3868[ O! S.I?L_E n_
• 2.000IE 05 4.Z665E OZ q.be/sf 02 3.ST_4E 02 8.0847E OK •.7qa4F 00

5 _.6638E O) Z,_66?E 05 I,ZZ09E 05 5.7531E 02 5*3613E 02 2.4t44[ 04

EOTIL IN_ULSE - |,_OOSE 06
....................................................................

!In[ - q.•O00

• C O [ F

I Z*206qE 05 4.30 15E 92 5.I[_IE O[ 4.325CE 02 8*0314E CI S*3_51[ O0

3*•BILE 0| 4*3643E O0 b. Q38_E 00 5*3733E O0 3,565lE O0 9.4610F-012,2069E 05 4*2460E 13_ 5*IqTsE O[ 4.358_E O[ 8.3879E Ol 5,lqb4E O0

Z*0034E 05 4*2661E O2 4,6qboE OZ 3*887lE OZ e,OeqbE OL 4.8050[ O0
5 Z*30?_E 03 2.TlO)[ 03 1*2205E 05 5.820_E 02 _.8456E OZ Z.4135E 04

lOTS! I_PULSE - h42Z5[ 06
........................................................................

[IH[ • 9.5000

• _ ¢ • [ :| 2.2145E 05 4°303 [ IIZ 5.!455E OZ 4*34Z5E OZ 8*0308E C! S,40T E O•

E.0808E •1 4.3648E 130 2.0604E •0 3*4332E 00 5*6Z31E O0 9*4865E-0!
Z°2143E 05 4.2_50E I32 5.2161[ C2 4.3?6_E OZ 8*3932E OI _°Zl4BE 00

_oO0_E •5 6.2_5_E IlZ _o7042E O_ 3.Bq48E 02 8.0944E OK •.SIITE O0_,2532_ O) 2.354!E I)3 Lt220!E 05 5.9049E O_ _*g300E 02 [°4!27E 04

TQTAt IIPULSE * 1.4447E 06

_l_[ - q.••0•

• • ¢ • [ F
| 2,Z2o9[ 05 4._027E 13_ 5.1616F 02 4.55T§E O? [.0378[ OI 5.4216E O0

t.O_OSE OI 4.3643E 1_0 t.5tO4E O0 3.5Zl9[ O0 3.?065E oo _.SO?_(-OI_.ZZ09E 05 4*2433E 1)2 _i,2339E 07 4*3931E 02 8,4045E el 5,Z246[ O0

I.OIOOE 05 4,2654E 112 4.2125E C2 3°9026E 02 8.0993E O| 4.8114[ O_

§ 1.2931E 03 2*7980E 113 !*ZIqbE 05 5.9890E 02 6*0146E 02 _*4!IqE 04

3Ol_L IX_LSE - 1.4_6qE O6

TI_[ - q.fCO0

• B ¢ • E F
i Z.ZZIZE O5 4.301•E O2 5*179TF O[ 4.3744[ OZ 8,0537E OI S.4515E O0

1 E.O•LO_ OI 4.3645E C,O ?.)OIIE O0 3.5630E O0 3.1403E 00 9.$238F-0!

3 2.2Z[_E 05 4. Z4!qE C+Z 5.232_E 02 4.4!0_E 02 8.42TYE OI 5.2327_ OO

1.0134E 05 4.2650E C,_ _.7_O_E OZ 3,qlOIE 02 I,1043E OI 4*8250E O0
2,84L5E 03 Z._4Z_E C,3 I,.ZIq5E O5 6,0732E 0Z 6*0_93E OZ Z,4IIOE 04

tOT•L i_PULSE - 1.48_2E 06

• 8 C TI_E •0 q.eooo [ F

2._$62E 05 4._OOIE C2 5.20CZE 0_ 4.3921_ 02 8.O_IIE 0l 5.4350E O0
?.0OLOE O! 4.1652E CO 7,L_6IE CO 3.4qgqE O0 3*b663E O0 9.5461F-_1

Z. Z362E 05 4.2417E O_ _.ZtI_E ¢2 4.4271_ O[ 8.44?YE OI 5.2_0_[ O0
2,0Ib5E 05 4o2646E _2 4°T5qlE ¢2 3.9181_ 02 B,IO_SE n! 4,B315E 00

5 1*8855E 03 Z,_8_4E Q1 I*218_E 05 6.1577E 02 6.!843E 02 Z*4102E 04

TOTAL I_PULSE - 1.5115£ O_

• I C r/_E =O _.qOOO F

2.24lZE 05 4.Z99!E 02

2.0810E OI 4*3658E O0 ?,O)20E O0 3.43q5E O9 3*59_6E O0 q*5?3_E-Ol

Z*2412E 05 4.241qE 02 5*2835E 02 4.43_7E OZ 8*458LE OI 5.2467E O02*OZO!E 05 4*2642E 02 4*7373E 02 3*qZSBE O[ 8. ll4?E OK 4.83BOE O0

$ _.9299E 03 2,q308E O) 1.2183E 05 6*Z423E 02 6._6q3E OZ _.4093E 04

tUTAL [qPULSE • !°533qE 06
.....................................................................

,

• TINE • IO.O000

_ C O E F
2*25 3E 05 4.7969E 02 5.24_0E C2" 4.4303E 02 8.13YgE O! 5.4440E O_ "
7*OOIOE O! 4.3654E oo 6,q_9E o• ).4z_)e on 3.5676F O• q._OZOF-_l

• Z.2533£ 05 4*2401E O_ 5.3L40E 02 4.4645E 02 _.49_ Ol S,ZS_?E O_

2._235E 05 4.263_E _!i 4,7_53E e_ 3.9)31E O_ e. lZO2E _l 4._A_ O_S Z.e/43E 03 Z.eT$SE 1,5t/gE 05 e.lZ_2E 02 _.35_7E OZ 2.4oe5[ _

TOTAL [qP_L_E • |*_565_ 06
...........................................................................

;IX[ - ZO._O0e

• " B C D E e

| Z*309BE 05 4.3042E 0_ 5o3_b)E OZ 4.569_E 02 7.9637E o1 $.73_5F O_

?.C199_ Ol 4.3638E O0 7.295qE co 3*6448E OO 3*6511E _0 q._8?bf-Ol
Z.3OVeE 05 q*24_5_ 0,' 5,*_2_ e2 _.606_E 02 8.32_ Ol 5.53o7_ O0

IOTAL [_PU_SE - 3*B542( 06
.........................................................................

file • 30.0000

• 8 C O E F

l 2.3202E 05 4.29P_£ 02 5.39e_E O? 4.5895E OZ e.o92?E nl _._I_E O0

Z.3202E O5 4.2426_ O2 5.4_E O2 4._Z_E OZ _*_72_ O! 5.4_qE O_

Z.2)33E O5 4.2474E 02 S,ZS_SE _2 4 424CE 02 e,)4_lE ¢1 5._OIqE on

lUT_t I_PU_SE - 6.1_6_E 06
.........................................................................

• e C . D E

I Z.)123E O5 4._5r O2 5,)_IOF e3 4.SS)SF O? 8.0_srF Ol 5.6261F _

5 1.6P57E 04 lobT_IE 04 |*0_o0_ 05 3o_S_4E 03 Io|_OF O_ 2.|54qF 04

lOT_t I_PULSF • 8.4755_ O6

]
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• Appendix 3
ComputerProgram (F823)

@

i

A B C TI_E • SO._POC f

royaL I_ULSE - l.Ot_SF O_

_ |_ • _o_ 0 •

_o0_

fl_E • 160.000_

_ B C D E _

tOtaL I_PULSE • 3._5O7E O?
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COMPUTERPROGRAMF823 (2NDBURN)
TIME - 290.oonn

A ! . ¢ 0 E E

| 2.0227E 05 _.334tE 02 4.66TCE OZ 3.9083E 02 7._873E PI 5.1SllE Oo
2 T.ooqEE Ol 4.3162E O0 6.SSTbE O0 3.1355E O0 3,AZ2tE O0 9.1676F-01

2.02ZTE 05 4.2740E 02 4.732•E 02 ).9)qTE O2 7.9295E 0! 4.EbnTF 00
_.LZETE 05 4.ZTL•E OZ *o9950E 02 6. LO_E 02 E. I066E Oi 5.1617E 00

|.2031E 05 I*Z034E 05 4.AZSTE 03 Z.3330E 0_ Z.SS36F 0_ 1.1845E _1

TOTAL INPULSE - •.I231F O7

.... "T ..............................................................

• TINE • 29|.0000

B C O E F| Z.O) ZE 05 6.3311E OZ 6.6896F 02 3.9263E OZ T, b330E 01 5,14_9( _

Z 7.0066E O| 4.St6ZE 00 •.72 ?EL 00 3.ZlTIE 00 3.5118E O0 q.iqT_E-01 -

Z.0512E 05 6.26998 02 4.7569E 02 3.9585E 02 7.9_2E C! 4.9580E 00
Z. IZE)E 05 4.Z•16E OZ 4.qQA|E 02 6.1EESE 02 B,|Ob|E 01 5.160qE _0

0 1.20TOE 05 I.ZOTSE 05 4,032_E 03 2.3410E 04 Z.3616E 04 1.104_E 03

TOTAL |NPULSE - •,1433E 07
.....................................................................

TIXE "D 292.0000
_ I C £ F

1.01 TE 05 4.3334E 02 4.64qSF C2 3,EElTE 02 7.6070E 01 q.lllqE _0
_.OOZ|E 01 _,255|E 00 6._2_qE O0 3.0 T74E O0 3o$485E O0 q,|9OSE-O|

) Z.OI_TE 05 •.ZT_SE 02 4.7|36E 02 3.919_E 02 /,qAIRE 0| _._351E 7fl

l.|119E 05 6.Z61TE 02 4.qqlZE 02 4.182•E 02 E. IO56E 01 _,ITOIE O_
|.ILO9E 05 1.21|ZE 05 3.•395_ 03 2°3490E 06 2.36qbE 04 1.0259F 03

TOTAL IMPULSE • 6.1635_ 07

TIME 293.0000
4 B C "O E E

| ZeO|ATE 05 *.33EOE 02 6.6443E OZ 3. BE|BE 02 7,52_7F OI $,ITZCF qo

2 _e_QTQE Ol _.23_E O0 6.63eYE 00 3,1_5E 00 3,ASOIE 00 q. ZAleE-OI

) Z.O_TE 05 _._TGQE O_ 4, T|O_E 0_ 3eQ237E 02 T°_Q_E 0| _.q_SME _

2.1275E 05 _*_61/E 02 *eQQ_Z_ 02 *,1817E 02 8,lOqOF 01 5°1594F 0_
le_I_QE 03 I.ZLS|E 05 3eZ_4_ 03 2.556QE 0_ _.3T_6E 04 _o_OE _7

TOTAL IMPULSE " 6.183TE 07
......................................................................
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ABBREVIATIONS

ITEM TERM ITEM TERM

ac

Act

APS

Attch

Btu

Cfm

contr

cps

DAC

db

dc

DDAS

Disch

DPF

EBW

ECC

E/I

EMI

EMR

ESC

FLT"

ft

FM

FTC

Fwd

GG

GH2

GN2

gpm

GSE

Appendix 4
Abbreviations

Alternating current

Actuator

Auxiliary Propulsion System

Attach

British thermal unit

Cubic feet per minute

Control

Cycles per second

Douglas Aircraft Company, Inc.

Decibel

Direct current

Digital Data Acquisition System

Discharge

Differential Pressure Feedback

Exploding bridgewire

Engine Cutoff-

External/Internal

Electromagnetic Interference

Engine mixture ratio

Engine Start Command

Flight

Feet

Frequency modulation

Florida Test Center

Forward

Gas generator

Gaseous hydrogen •

Gaseous nitrogen

Gallons per minute

Ground support equipment

He

hr

Hyd

in.

IP&CL

IU

K

kc

KSC

ibf

ibm

LH2

Loc

LOX

ms

MSFC

NASA

NPSH

PAM

PCM

pf

Posit

pps

Press

psia

psid

psig

Pt

Ilelium

flour

IIydraulic

Inch

]instrumentation Program and

Component List

Instrumentation unit

Kilo = 1,000 or 103

Kilocycle

Kennedy Space Center

Pounds force

Pounds mass

Liquid hydrogen

l,ocation

Liquid oxygen

Millisecond

Marshall Space Flight Center

National Aeronautics and Space

Administration

Net positive suction head

• , , . •

Pulse amplitude modulation

Pulse code modulation

Pico farad

Position

Pulses per second

Pressure

Pounds per square inch, absolute

Pounds per square inch,

differential

Pounds per square "inch, gauge

Point

28 September 1966
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TABLEAP 4-1 (Sheet 2 of :2)
ABBREVIATIONS

ITEM TERM ITEM TERM

PU

Pwr

R

RAD

Refl

Reg
RF

RMR

RSS

SCI

scim

scfm

sec

STC

Propellant utilization

Power

Rankine

Radial

Reflected

Regulator

Radio frequency

Reference mixture ratio

Root sum square

Standard cubic inch

Standard cubic inch per minute

Standard cubic foot per minute

Second

Sacramento Test Center

SW

Sys_

TAN

Temp

T/M

TP&E

TRW

Vac

V

Vib

vdc

W

Switch

S _stem

Tangential

Temperature

Te ieme try

Test Planning and Evaluation

Thompson-Ramo-Wooldrige

Volts alternating current

(100 vac)

Volts

Vibration

volts direct current

Watts

28 September 1966
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